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ABSTRACT
Extended sleep deprivation has been shown to produce
impairments in sustained attention and vigilance,
especially if the deprivation period is greater than 48
hours.

However little is known about the effects of sleep

deprivation on performance of cognitive tasks considered
to be measures of higher cortical functioning such as
cognitive flexibility and the capacity to shift response
set.

These two activities are associated with intact

functioning of the frontal lobes of the cerebral cortex
while attention and vigilance tasks are not considered to
be part of this type of cognitive activity and are not
associated with frontal lobe function.
One current hypothesis is that sleep deprivation of a
shorter duration (34-36 hours) adversely affects higher
cortical function while effects on attention vigilance
tasks are relatively mild.

Performance on an intelligence

test, a test of sustained attention and tests designed to
measure higher cortical function were compared in a group
of 29 subjects who underwent 34-36 hours of continuous
sleep deprivation and 32 normal sleeping control subjects.
No significant group performance differences were noted on
any measure.

One night of total sleep deprivation does

not appear to significantly impair performance on tasks
that are designed to assess higher cortical functioning or
frontal lobe function.
iii
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INTRODUCTION
What is the purpose of sleep?

This question has been

asked for at least two thousand years and a number of
theories have been hypothesized with varying degrees of
experimental support.

Perhaps Aristotle was correct with

his concise answer that we sleep to prevent the incapacity
that results from an excess of being awake (Baker, 1985).
No research exists that conclusively demonstrates the
specific purpose(s) of sleep.

However, major advances in

the description of sleep and its physiological mechanisms
have been made in the last 60 years (Hobson, 1989).
The major strategies used by scientists trying to
determine the purpose of sleep have included studying the
emotional and cognitive effects of total sleep deprivation
(TSD), partial sleep deprivation (PSD), sleep
fragmentation, and investigating sleep as a dependent
variable in response to an experimental manipulation.
This has included studying the way various sleep
characteristics respond to a variety of stimuli such as
exercise, stress, drugs and brain lesions.
Very early studies using animals found that long
term TSD eventually produced death (Hein, 1914).

This

data was used as evidence that sleep is necessary to
sustain life.

This conclusion was later criticized

because the animals had to be active at all times in order
to stay awake.

Forcing the animals to remain active
1
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introduced stress as an experimental confound.

This

particular criticism leveled at subsequent research using
TSD with animals has never been completely resolved.
In humans, the most consistent effect of sleep loss
is its impact on mood, attention and concentration.
Lethargy, lack of interest and irritability usually occur
If sleep loss is sufficient, concentration impairments,
misperceptions and even illusions may occur (Anch,
Browman, Mitler, & Walsh, 1988).

Most of these results

are not consistently produced until the sleep loss has
exceeded 36-48 hours (Bonnet, 1994).
Despite the existence of over 1000 sleep deprivation
studies (Bonnet, 1994), very little systematic research
has examined how sleep deprivation effects what
neuropsychologists have referred to as higher cortical
functioning.

This type of cognitive activity includes,

but is not necessarily limited to activities such as:
complex reasoning, planning, and cognitive flexibility.
Although not well defined psychometrically, the term
executive functioning (EF) has been increasingly used in
the last decade (Mack & Patterson, 1995) to refer to a
complex and diverse group of cognitive functions that
includes planning, judgment, reasoning and self
monitoring.

Lezak's (1995) recent discussion of EF

included volition, planning, purposive action and
effective performance as the main components.

The
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purposive action component included self-regulation, which
was further subdivided into productivity, flexibility and
the capacity to shift response set when appropriate.
Benton's (1994) discussion of EF included judgement,
mental flexibility, creativity, decision making, selfawareness and planning.
Although the concept of EF can be criticized as being
overly broad and difficult to measure (Benton, 1994) it
does refer to a set of important cognitive abilities that
neuropsychologists hypothesize exist and are different
from what many traditional psychometric measures such as
IQ tests measure.

The concept of EF helps to explain how

some people perform normally on traditional tests of
general intellectual ability, memory, perception, speech,
etc., but show deficits in the activities mentioned above.
There are some cognitive measures such as the
Wisconsin Card Sorting Test (Heaton, 1981), Stroop Color
Word Interference Test (Stroop, 1935) and word fluency
tests that are purported to measure aspects of EF (Benton,
1994; Gold, Berman, Randolph, Goldberg, & Weinberger,
1996; Wagman & Wagman, 1992).

It is a general consensus

that these types of activities are mediated by the frontal
lobes (Gold, et al., 1996) although adequate EF also
implies well integrated brain functioning.
The present study was conducted to test the effects
of TSD on several specific aspects of cognitive activity
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associated with EF or frontal lobe function.

Before

specific findings are presented, a general discussion of
sleep assessment in humans, types of sleepiness, the
proposed origin and purpose of sleep, and the effects of
experimental sleep deprivation and fragmentation are
presented.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

REVIEW OF LITERATURE

Sleep Assessment.
Various approaches have been used to assess sleep,
but with the advent of polysomnography and a widely
accepted scoring system (Rechtschaffen & Kales, 1968) it
became possible to objectively describe the
characteristics of human sleep.

Polysomnography refers to

the recording of physiological activity during sleep and a
polysomnograph is the instrument used to record sleep
(Anch, Browman, Mitler, & Walsh, 1988).
The definition of wakefulness and sleep is determined
by patterns of electrical activity in the brain
(electroencephalogram or EEG), eye movements
(electrooculogram or EOG) and chin muscle activity
(electromyogram or EMG).

Sleep and wakefulness are

usually scored in 3 0 second epochs.
Electrophysiological Properties of Sleep
According to standard definition, human sleep
consists of two states: Non-Rapid Eye Movement sleep
(NREM) and Rapid Eye Movement sleep (REM)
Kales, 1968).
stages,

(Rechtschaffen &

NREM sleep is further subdivided into four

(1,2,3,& 4) with stage 1 the lightest and stage 4

the deepest.

Each 30 second epoch is scored as Wake, NREM

stage 1-4 or stage REM.

If a particular epoch has

elements of both stages then the epoch is scored according
to which stage is more prominent.

NREM and REM sleep are

5
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qualitatively different states.

The main subjective

difference is that REM sleep is usually associated with
vivid and recalled dreaming, while NREM sleep mentation is
recalled less well and is much less vivid.

The majority

of REM sleep occurs toward the end of the sleep period
while the deeper stages of NREM sleep occur during the
first part.
EEG, EOG and chin EMG patterns of activity are all
used to categorize or score human sleep into one of the
four NREM sleep stages or REM sleep.

EEG wave patterns

are the primary source of information used to determine
sleep stages and are categorized according to frequency
and amplitude.

Frequency is expressed in Hz or cycles per

second, amplitude is expressed in microvolts.

Using these

criteria, the EEG waves are classified into certain types:
alpha, beta, delta and theta waves.

Amount of alpha and

delta waves as well as distinctive wave formations such as
"K-complexes," and "sleep spindles" are used to determine
the stage of sleep.
The waking EEG can be classified into alert and
relaxed wakefulness.

Alert wakefulness is characterized

by beta activity which consists of low voltage, irregular
fast waves (frequency, 13-30 Hz).

Alpha waves (frequency,

8-12 Hz) are the predominant wave pattern during relaxed
wakefulness and are most prominent over the occipital
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cortex.

They are also present during the transition from

relaxed wakefulness to stage 1 sleep.
During stage 1 sleep there is a decrease in alpha
activity and an appearance of low voltage, mixed frequency
EEG activity in the 2-7 Hz range.

There is still some

debate about whether stage 1 should be classified as sleep
or as a transition from wakefulness to sleep (Anch,
Browman, Mitler, & Walsh, 1988) but for the present
discussion, it will be considered sleep.

In normal

subjects, stage 1 lasts approximately 0.5 to 10 minutes at
which time it gives way to stage 2 sleep.
Stage 2 sleep is defined by the presence of "sleep
spindles" and "K complexes" superimposed on an EEG
background of low voltage, mixed frequency wave forms.

A

sleep spindle consists of a burst of synchronous, low
voltage, 12-14 Hz EEG activity lasting at least 0.5
seconds and usually no more than 1-2 seconds.

A K-complex

is a high voltage EEG wave form of about 0.5 second
duration with a well delineated negative sharp wave
immediately followed by a slower positive deflection.
Stages 3 and 4 sleep are defined by the occurrence of
delta waves in the EEG.

A delta wave has a frequency of

1-3 Hz, a duration of at least 0.5 seconds and an
amplitude of at least

75 microvolts.

Delta waves are

sometimes referred

to as high voltage slow waves, hence

the name slow wave

sleep (SWS) for stages 3 and 4.
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Stage

3 consists of 20-50% delta waves while stage 4 consists of
50% or more delta waves in the standard 30 second epoch
used to stage sleep.

Stage 2 may also contain delta waves

but by definition will have less than 20%.
The EEG pattern of REM sleep is similar to that of
stage 1 with the exception that during REM sleep there is
frequently, though not always, an appearance of "sawtooth"
waves which are described as low voltage, mixed EEG
activity in the 2-7 Hz range, and as having a "notched"
morphology.
Besides alpha, beta and delta activity which are used
to distinguish between alertness, relaxed wakefulness, and
sleep stages, theta activity which is in the 4-7 Hz range
may occur in stages 1, 2 and REM sleep.

It is not used to

distinguish any stages but does have a tendency to occur
in moderately regular patterns towards the end of stage 1
and the transition to stage 2.
In addition to the EEG information, changes in EOG
and chin EMG activity help to further delineate
wakefulness from sleep and one stage of sleep from
another.

Tonic chin EMG level in NREM sleep is typically

lower than during wakefulness, but is at its lowest level
(often dramatically lower) during REM sleep.

Although

only chin EMG is usually measured during REM sleep, all
muscles except for the extraocular muscles and diaphragm
receive inhibitory input.

This lowering or suppression of
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EMG during REM sleep originates in the pons and represents
an inhibition of motor activity from the neck down (Chase
& Morales, 1994).
The EOG which measures eye movements also shows
changes.
movements.

During alertness there are usually rapid eye
Just prior to, and during stage 1 sleep, slow

rolling eye movements may appear on the polysomnogram and
disappear toward the end of stage 1.

Eye movement

activity is negligible during stages 2,3, and 4.

During

REM sleep, a dramatic increase in eye movements (EOG)
occurs and it is characterized by episodic rapid, lateral,
desynchronous eye movements (Anch, Browman, Mitler, &
Walsh, 1988).
A nighttime polysomnographic recording usually lasts
7-8 hours and is scored in 30 second intervals or epochs.
The sleep stages are scored as mutually exclusive
categories but in reality, sleep stages tend to merge into
each other and the differentiation is somewhat arbitrary.
For example, chin EMG usually decreases well in advance of
the appearance of the first eye movement of REM sleep.
Stage 3 appears to be an intermediate or transitional
period from stage 2 to 4.

In this case, delta waves begin

to appear in stage 2 and gradually increase until they
occupy at least 20% of the epoch at which time the epoch
is scored as stage 3.

When the delta waves begin to

occupy 50% or more of the epoch, it is scored as stage 4.
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In addition, sleep spindles and K-complexes can continue
past stage 2 into stages 3 and 4 appearing against a
background of increasing delta activity and becoming more
and more difficult to distinguish from delta waves.
Organization of Sleep
The process of falling asleep and progressing through
the various NREM sleep stages and stage REM sleep is known
as sleep cycling.

Sleep architecture refers to the

duration and time of occurrence of each sleep stage as
well as the duration and number of cycles that a
particular person experiences over the course of the
entire sleep period.

The sequence of falling asleep and

entering NREM sleep followed by REM sleep is the first
sleep cycle.

The second cycle begins with the

reappearance of NREM sleep (usually stage 2) after the end
of the first REM sleep period.

Most healthy young adults

experience 4-6 sleep cycles each night with the average
sleep cycle being about 90-110 minutes.
During the first cycle, the first REM sleep period
tends to be very short, usually only a few minutes.
successive REM sleep period tends to get longer.

Each

In

contrast, SWS (stages 3 and 4) tends to predominate during
the first two cycles and occurs less in the latter cycles.
Thus, the majority of SWS is generally confined to the
first half of the sleep period while the majority of REM
sleep occurs during the second half (Horne, 1988a).
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Numerous factors influence sleep architecture
including drugs, sleep disorders, psychiatric conditions,
exercise, and especially the natural aging process
(Bliwise, 1994).

As humans age they tend to get less SWS

and their sleep becomes more disrupted.

Monitoring a

person's sleep in the laboratory also tends to produce
lighter and more disrupted sleep (Agnew, Webb, & Williams,
1966) .
Falling Asleep and Types of Sleepiness
Sleepiness appears to represent a period of
consciousness that occurs somewhere between wakefulness
and sleep.

Though there does seem to be a continuum of

cognitive and biological changes from alert wakefulness,
to sleepiness, to sleep onset (Neylan & Reynolds, 1991),
there is debate as to whether sleep onset is a graduated
or punctuate process.

This debate is partially the result

of Rechtschaffen and Kales' (1968) division of sleep into
30 second epochs, which was due in large part to practical
considerations such as data management, and equipment
limitations.

Since then, researchers have fallen into the

habit of characterizing the difference between sleep
stages, wakefulness and sleep as categorical.
The presence of microsleeps (sleep of 1-10 seconds
surrounded by wakefulness) led Oswald (1962) to conclude
that sleep onset is a punctuate process consisting of
falls in cerebral vigilance (microsleeps) that do not
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occur as a steady decline but occur briefly over and over
again with frequent surges.

He concluded that microsleeps

increase in frequency and duration until they are
continuous.

More recent studies using EEG and respiration

data indicate that sleep onset is most likely a gradual
oscillatory process with sleep onset periods containing
elements of wakefulness, stage 1 and even stage 2
patterns.

Studies monitoring EEG patterns in narcoleptic

subjects report a waxing and waning of alertness in
association with fluctuating EEG patterns of slow and
diffuse alpha, slow eye movements and stage 1 sleep
(Pivik, 1991).

Kleitman's (1963) description of

sleepiness as a "succession of intermediate states, part
wakefulness and part sleep in varying proportions"

(p.91)

still seems to hold true, at least for sleepiness that
occurs prior to sleep onset.
Researchers conceived of sleepiness as a
unidimensional state varying only in magnitude until the
mid-1960's when sleep was recognized as consisting of two
qualitatively different states (Broughton, 1992) .

This

development was probably due to Snyder (1963) who proposed
three different types of mammalian and avian states:
wakefulness, NREM and REM sleep.

This categorization

presented the possibility of the existence of both NREM
and REM sleepiness.

Also, there are a variety of causes

and/or influences on sleepiness that make it unlikely that
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sleepiness is a unidimensional state.

These include but

may not be restricted to: sleep deprivation, sleep
satiation, circadian processes, selective pressure for
either NREM or REM sleep, motivational factors for staying
awake or sleeping, negative affective states,
pharmacological effects and any neurological or
psychophysiological conditions that might produce
excessive arousal or inhibit sleep onset mechanisms
(Broughton, 1992).
These diverse influences have shown differential
effects on variables such as subjectively rated
sleepiness, performance on neuropsychological tests, EEG
characteristics, biochemical variables such as CNS levels
of neurotransmitters, responses to various pharmacological
interventions and measures on objective tests of
sleepiness (Broughton, 1992).
Broughton (1989) postulated the existence of three
types of sleepiness based on the three qualitatively
different states of mammalian existence proposed by Snyder
(1963).

These types of sleepiness are: NREM sleepiness,

REM sleepiness and sleepiness due to impaired
reticulocortical arousal.

These various states of

sleepiness are thought to arise from "pressure" for NREM
sleep, pressure for REM sleep (due to selective NREM or
REM sleep deprivation) and impairments in reticulocortical
waking and sleep onset mechanisms.

Reticulocortical
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arousal impairments could produce CNS hypoarousal which
would appear like sleepiness.

Causes of this last

condition might include drug effects, lesions in the
brainstem reticular formation, infections, tumors and head
injuries.
Laboratory data from Broughton and Aguirre (1985,
1987) , using narcoleptic subjects and controls, show that
REM sleepiness is more intense than NREM sleepiness.

The

narcoleptic subjects showed higher ratings of sleepiness
on a subjective sleepiness scale and shorter sleep
latencies on the multiple sleep latency test (this test is
explained below).

This finding also raises the

possibility that sleepiness due to factors such as
impairments in reticulocortical arousal and impaired sleep
onset mechanisms might coexist with either NREM or REM
sleepiness.
Another type of sleepiness, sleep inertia, exists
immediately after arousal from sleep (Dinges, 1989).

The

most parsimonious explanation for this condition is that
it is due to an incomplete disengagement of the sleep
process and does not occur in response to some unsatisfied
sleep need or specific sleep pressure.

The existence of

sleep inertia also implies that the transition from sleep
to wake, like that from wake to sleep is probably a
gradual process.
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Horne (1991) has proposed another type of sleepiness
known as "core" sleepiness which would be produced by
selectively depriving someone of SWS.

He has argued that

sleep can be divided into two modes: "core sleep" and
"optional sleep" which are orthogonal to the Rechtschaffen
and Kales (1968) standard classification of NREM and REM
sleep.

He hypothesized that core sleep in humans consists

of the first 3-4 sleep cycles and is particularly
important because it contains the majority of SWS and
about half of the REM sleep humans get during a normal 7-9
hour sleep period.

He hypothesized that SWS is necessary

for cerebral restitution.

After the core sleep period,

optional sleep takes place and exists to fill the hours of
darkness until daylight.

It exists only to maintain sleep

beyond the point when core sleep declines or is
unnecessary.

He hypothesized that optional sleep is not

necessary but may be a form of non-restorative drive
behavior maintaining sleep until wake up time and may be
an evolutionary adaptation that came into existence to
conserve energy and/or help the organism avoid nocturnal
predation.

Measuring Sleepiness
Almost all measures of sleepiness still continue to
assess it as a unidimensional state.

The most widely used

objective test of sleepiness is the Multiple Sleep Latency
Test (MSLT; Carskadon & Dement, 1982a) which is a measure
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of sleep latency in 4-5 scheduled naps over the course of
one day.

It is still accepted as the "gold standard" for

measuring sleepiness, and assumes that there is a
physiological sleep tendency that correlates negatively
with the onset of sleep during nap opportunities i.e., a
greater physiological sleep tendency produces faster sleep
onset.
The most widely used subjective measure of sleepiness
is the Stanford Sleepiness Scale,

(SSS; Hoddes, Zarcone,

Smythe, Phillips, & Dement, 1973).

It is a self-report

scale that requires the subject to rate his/her alertness
or sleepiness by placing a check next to one of seven
statements that most accurately describes their present
state.

Like the MSLT, the SSS is a unidimensional

measure.
A lesser known objective test, the Maintenance of
Wakefulness Test (MWT; Mitler, Gujaverty, & Browman,
1982), is similar to the MSLT in that subjects are given
regularly scheduled nap opportunities.

However, during

the MWT, subjects sit still in a chair in a darkened room
and try to stay awake during the nap opportunities.
Whether or not the subject falls asleep and latency to
sleep onset are recorded.

The MWT appears to measure the

ability to stay awake in an environment conducive to sleep
which is likely different from physiological sleep
tendency measured by the MSLT.
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There are known differences between subjective vs.
objective sleepiness measures, and the experience of
subjective sleepiness across the day may not parallel
sleep latency on the MSLT.

For example, although sleep

latency is dramatically shortened around mid-afternoon
there is not a corresponding decrease in subjective
ratings of sleepiness (Richardson, Carskadon, Orval, &
Dement, 1982).

Mitler, Gujaverty, and Browman (1982)

found that some fully alert (subjectively rated) subjects
exhibited very short sleep latencies on the MSLT that fell
within the pathological range (average sleep onset of less
than 5 minutes across the 4-5 naps), and during the MWT
they were able to stay awake indefinitely.
Finally, there is evidence that some severe, chronic
insomniacs who report intense sleepiness cannot fall
asleep readily during a daytime nap opportunity or at
night (Broughton, 1992).

Lavie and Scherson (1981)

concluded that the MSLT may be measuring both
physiological sleep tendency and/or the ability to
initiate sleep readily.

They termed the latter

"sleepability."
The Origin and Purpose of Sleep
The purpose of sleep is still unexplained and
continues to stir a great deal of controversy among
researchers.

We do know that all mammals sleep.

The

belief that some mammals such as cattle or shrews do not
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sleep (because of the need for constant vigilance or
foraging) has been disproven by sustained and systematic
observation (Zepelin, 1994).
Allison and Twyver (1970) found that in mammals the
EEG signs of both NREM and REM sleep are quite clear but
that in submammalian forms of life such as amphibians and
reptiles, EEG recordings are not adequate for defining
sleeping and waking periods, because of their relatively
undeveloped brains (Allison & Twyver, 1970).
In lower amphibians such as the salamander and
bullfrog, EEG and behavioral criteria indicate that they
do not sleep but engage in transitions from active
wakefulness to inactive wakefulness.

Reptiles which

evolved from amphibians do not show clear cut sleep
either.

If they do sleep, they only have the rudimentary

properties of sleep such as behavioral quiescence and EEG
slowing (Allison & Twyver, 1970).
Both NREM and REM sleep are found in birds and
mammals and it appears that the sleep cycle first occurred
in association with the evolution of endothermy.

It may

be that this concurrent development of sleep and
endothermy occurred because of the high metabolic energy
cost associated with maintaining a constant body
temperature.

Sleep may have initially been an adaptation

to conserve energy (Allison & Twyver, 1970).
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Other hypotheses about the purpose of sleep include
sleep as a mechanism for the reprogramming of innate ideas
(Jouvet, 1975), as a necessary occurrence for the
development and maintenance of the oculomotor system in
mammals (Berger, 1969), and as an "eraser system" which
serves to weaken the synaptic strength of undesirable
"parasitic modes" (p.Ill) of neuronal activity that have
accrued during the day (Crick & Mitchison, 1983) .
Theories that have received more research attention
include hypotheses that sleep is involved in memory
processes and that sleep is a necessary restorative
process for the body.

Evidence for these hypotheses are

summarized below.

Sleep ,and Memory
Hypotheses about the relationship between sleep and
memory include both active and passive involvement
theories.

In the active hypothesis, sleep is involved in

a specific mode of information processing and long-term
memory storage.

In the passive hypothesis, sleep reduces

any cognitive retroactive interference that would occur
after learning has occurred during wakefulness.
Research interest in the effects of sleep on memory
began around the turn of the century.

During this time,

interest was not really on the effects of sleep per se,
but on the nature of forgetting.

Sleep was seen as a

convenient period of inactivity that could be used as a
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retention interval to test predictions of theories of
forgetting (Tilley, Brown, Donald, Ferguson, Piccone,
Plasto, & Statham, 1992).
The two main theories of forgetting were trace decay
theory (Ebbinghaus, 1885; [memory traces decay during
periods of cerebral inactivity]) and interference theory
(Jenkins & Dallenbach, 1924; [sleep produces less
cognitive interference with previously learned material
than does waking activity]).
Early evidence for the interference hypothesis was
found by comparing retention of nonsense syllables learned
immediately prior to sleep and learned several hours
before sleep.

Learning followed immediately by sleep

produced a higher level of retention than the delayed
sleep condition.

This information was interpreted as

evidence favoring the interference hypothesis of
forgetting (Heine, 1914).

However, the data left open the

possibility that sleep was not just a period of inactivity
producing less interference but that it facilitated, or
was part of some type of active information processing or
memory consolidation process.
Later studies have shown that sleep reduces
forgetting but that there is little difference whether
sleep comes immediately after learning or several hours
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later (Tilley, et al., 1992).

Findings such as these have

weakened the interference hypothesis and suggest a more
active role of sleep in memory processes.
With the discovery of REM sleep (Aserinsky &
Kleitman, 1953) it became apparent that different types of
sleep might be differentially involved in memory
processes.

The existence of two distinct kinds of sleep

creates problems in determining what property or part of
sleep is involved in memory processing.

Because of the

association of REM sleep with dreaming, the popular notion
that the brain works as a computer, and higher cortical
activation during REM sleep than NREM sleep, several
theories maintaining that REM sleep is responsible for
memory consolidation (Dewan, 1970; Empson & Clark, 1970;
Evans & Newman, 1964; Gaardner, 1966; Tilley & Empson,
1978) were advanced.

In all these theories, REM sleep was

variously seen as a time for memories, especially new
ones, to be sifted, reactivated, reinforced, refreshed,
reiterated, reprogrammed, consolidated, stored or cleared.
This idea surfaced again in a slightly different way
as recently as 1983 when Crick and Mitchison (1983)
proposed that REM sleep is a time when irrelevant or
useless memories which might otherwise "clutter up" or
overload the brain, are eliminated.

They pointed out that

this explanation was compatible with a broad amount of
experimental data, that it explained the need for REM
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sleep in adult life and explained the very large amounts
of REM sleep occurring in the developing brain.
One group has pointed out that different predictions
based upon different explanations for forgetting can be
hypothesized (Tilley et al., 1992).

For example,

interference theory would predict that NREM and REM sleep
would both produce the same amount of forgetting since
retroactive interference is being prevented due to sleep,
while decay theory would predict less forgetting during
REM sleep because the higher levels of brain activity
during REM sleep would keep the newly established
"neuronal links" from decaying.

A consolidation

hypothesis might predict that REM sleep, with its higher
level of neurophysiological activity, is responsible for
retention of new learning.
There is also the possibility that the effects of
sleep on learning are due to some combination of two or
three of these processes.

For example, memory

consolidation could be an active process that takes place
during a period of reduced retroactive interference and
slower trace decay.

Furthermore, each process could be

specific to one or more sleep stages.
Researchers have usually studied these possibilities
in two different ways.

The first has been to engage

subjects in a learning task and then to selectively
deprive them of a particular stage of sleep.

The other
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has been to engage subjects in a learning task and then
look for changes in sleep architecture or features after
the learning task is completed.

These methods have mostly

been used by investigators testing the REM sleep memory
consolidation hypothesis and have produced, at best, mixed
results (Tilley, et al. 1992).
Other researchers (Fowler, Sullivan, & Eckstrand,
1973; Yaroush, Sullivan, & Eckstrand, 1971) have attempted
to exploit the fact that the majority of SWS occurs during
the first half of the sleep period while most REM sleep
occurs during the second half.

In these studies one group

of subjects participated in a learning condition and were
then allowed to sleep for four hours.
awakened and tested.

Then they were

Subjects in the other group slept

for four hours, were awakened, participated in a learning
exercise, were allowed to sleep four more hours, were
awakened and then tested.
The rationale for these conditions was that subjects
in the first condition received their normal amounts of
SWS and little REM sleep before testing, while subjects in
the other group slept, awakened and learned, then went
back to sleep.

Their sleep stages subsequent to the

learning exercise consisted mostly of REM sleep and little
SWS.

In these studies the retention interval consisting

of mostly SWS produced less forgetting than the mostly REM
sleep retention interval.

These are suggestive findings
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but differing amounts of sleep prior to learning as well
as effects such as sleep inertia on recall or learning
make interpretation problematic.
Ekstrand, Barrett, West, and Maier (1977) recognized
that in the second condition, effects of prior sleep were
a confounding factor for the subjects awakened and then
asked to learn.

They conducted a series of three

experiments and found that sleep before a learning task
did not affect learning acquisition rates but increased
the amount of subsequent forgetting.

They found that a

period of prior sleep ranging from 0.5-4.0 hours increased
subsequent forgetting.

These effects only occurred in

learning immediately after the sleep period.

A two hour

period of wakefulness between the end of the sleep period
and the learning period completely abolished the prior
sleep effect.
They hypothesized that sleep immediately prior to
learning hinders the transfer or consolidation of
information into long-term memory but does not interfere
with learning.

They also pointed out that this casts

doubt on the interference hypothesis for forgetting since
prior sleep would have reduced proactive interference in
their experimental conditions. However, the only solid
conclusions from this set of experiments are that prior
sleep within two hours of new learning can interfere with
long-term memory consolidation.
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Grosvenor and Lack (1984) used a four group
experimental design that attempted to sort out the
different effects of prior sleep or wakefulness on
forgetting as well as the effect of sleep or wakefulness
subsequent to learning.

All subjects participated in

either a prelearning wake or sleep period (2300-0230)
followed by a learning exercise, then were either put to
bed or remained awake (0330-0730).
were conducted at 0730.

All recall sessions

They found an effect for prior

sleep as in the Eckstrand, et al. (1977) study and found
that sleep subsequent to learning produced less forgetting
than an equivalent period of wakefulness following
learning.

They found no differences between groups more

likely to have post-learning sleep filled with SWS and
those more likely to have REM sleep.

Retention of learned

material was improved if learning was followed by sleep
but the kind of sleep obtained after learning appeared
unimportant.
Upon close examination of the results, group 1 which
was awake from 2300-0230, learned, and slept from 03300730 performed no differently than group 3 which slept
from 2300-0230, learned, then slept from 0330-0730.

Group

1 was more likely to receive SWS while group 3 having
received their normal amounts of SWS were more likely to
receive REM sleep after the learning phase.

It is also

important to note that even though group 1 received 4
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hours less sleep, they still retained learning as well as
group 3 which received 7.5 hours of sleep.

The major

criticism of this study is that no polysomnography was
performed.

Therefore, subjects' amount and type of sleep

were not conclusively known.
One group advocating the role of SWS and REM sleep in
information processing hypothesized that information
gathered during the waking period is processed during
sleep in two main stages, Synchronized Sleep (SS; NREM
stages 1-4) and paradoxical sleep (PS; Ambrosini,
Langella, Carnevale, & Giuditta, 1991a, 1991b).

They

investigated the sleep patterns of control rats and rats
exposed to a learning task and concluded that SS
(analogous to NREM sleep in humans) fulfills a primary
role in processing information that has been gathered
during wakefulness.

Rats that effectively learned the

proper response (L) in a two way active avoidance task had
earlier appearing, and longer periods of SS followed by PS
(PS is the animal equivalent of human REM sleep) than
those that were not able to learn the response (NL).

The

role of PS was hypothesized to be a period when the
adaptive memory traces were cleared of nonadaptive
components then stored in more "suitable brain sites" (p.
227).

Their conclusion that PS was responsible for the

clearing away of nonadaptive memory traces was based on
the fact that both L and NL rats exhibited longer episodes
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of SS following the learning procedure than control rats
left in their cages but that the L rats exhibited more SS
followed by PS while the NL rats showed longer SS followed
by wakefulness.

L rats showed an increase in SS followed

by PS that started earlier, was more pronounced and lasted
longer than the NL rats.

The authors interpreted this as

evidence supporting the hypothesis that PS (REM sleep) is
a period where useless or nonadaptive memory traces are
erased.
Both SS and PS appear to be involved in information
processing but the authors did not differentiate SS into
deeper and lighter stages (which is usually not done in
animal research).

Another confound may be stress.

Both L

and NL rats were exposed to the same learning conditions
therefore the same stress, but control rats were not
subjected to any stress.

The increase of SS in both the L

and NL rats may have been due to stress alone.

It is also

possible that the NL rats experienced more stress than the
L rats because of an inability to avoid the negative
stimulus (shock).

If this was the case then differences

on the SS and PS parameters between these two groups were
again confounded by stress.
In summary, it appears that NREM and REM sleep may
both be important to memory consolidation and that the
beneficial effects may be due to some as of yet
unspecified active neurochemical processes involved in
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sleep.

At this time, no good theories are available to

explain why NREM seems to be as important as REM sleep in
memory consolidation, since the memory consolidation
hypotheses have been based on the existence of extensive
cerebral activity during REM sleep.
Restorative Hypotheses and the Purpose of Slow Wave Sleep
Although substantial research exists indicating the
importance of obtaining a daily quota of SWS, there is no
universally accepted theory regarding its purpose.
Several theories of the role of SWS have been proposed.
Prior to the development of evolutionary explanations for
the origins of sleep, most theories of sleep function
centered around a hypothesized restorative process for
body tissues.

SWS has also been hypothesized to be a

crucial factor in information processing (Ambrosini et
al., 1991a, 1991b), important for physical and mental
restitution and important for cerebral energy conservation
(Horne, 1991).
SWS is associated with an increase in the synthesis
and release of human growth hormone.

This has led some

researchers to hypothesize that the purpose of SWS is
tissue restoration (Adams & Oswald, 1977).

Some theorists

have abandoned the hypothesis that sleep is important for
tissue restoration in peripheral areas but that SWS is a
restorative period for the brain only (Horne, 1991) .
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The fact that NREM stages 3 and 4 are those most
highly correlated with length of prior wakefulness
suggests that SWS may serve in some type of restorative
capacity involving brain functioning, though exactly what
is restored and the nature of that process is not well
defined.

Horne (1983, 1985, 1988a, 1991) concluded that

the major impact of sleep deprivation centers on the brain
with the rest of the body being relatively unaffected.

He

maintains that there is no scientific evidence that sleep
loss in humans causes physical illness, and that the
evidence for the "tissue repair" hypothesis of sleep is
only circumstantial, with the exception being the
cerebrum, which he argues has an essential requirement for
sleep because its functioning after sleep deprivation is
severely affected.

SWS, especially during the first part

of the sleep period (core sleep), is postulated to be the
time that restorative processes take place in the cerebrum
and is necessary for repairing the effects of normal "wear
and tear" that occurs during wakefulness.
He hypothesized that the major reason that core sleep
is necessary is that the cerebrum, unlike other body
organs, cannot go "off-line" or "relax" during wakefulness
(Horne, 1991; p.173).

When awake, even during quiet

wakefulness, the cerebrum remains active and ready to
respond to any stimulus, but during SWS the cerebrum
appears to be inhibited by GABAminergic neurons and is
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non-responsive to a great deal of sensory input (Sato,
Dreifuss, & Penry, 1975).
His analogy is somewhat suspect since organs such as
the heart, lungs, diaphragm, etc., cannot go "off-line"
either.

However, he does point out that the work of these

organs is significantly decreased at certain periods of
wakefulness, relaxed wakefulness or sleep, but the
cerebrum even during relaxed wakefulness is not engaged in
any restorative processes.
Again, there is no universally accepted theory
regarding the purpose of SWS, but Horne's hypothesis is
consistent with other restitution hypotheses that have
been advanced.

In animal, as well as in human research,

it has been found that SWS is associated with lower
metabolic cerebral activity and is the stage of sleep
least affected by other factors such as circadian rhythms,
boredom and seasonal variation in day length.

SWS appears

to be a primary drive state, with the single biggest
predictor of length of SWS being length of prior
wakefulness.
Another related hypothesis is that SWS is necessary
for cerebral energy conservation (Ramm & Frost, 1986).
There is widespread GABAminergic inhibition across the
cerebral cortex during SWS.

During SWS there is a

decreased level of metabolism in the cerebrum and the
thalamic sensory relays.

Of course, the lowered level of
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metabolism in the thalamic sensory relays may be due to
the fact that sensory thresholds during SWS are extremely
high compared to wakefulness and lighter stages of sleep.
Lower levels of activity in these thalamic relays may
simply be an epiphenomenon of decreased sensory input.
At this time, the most parsimonious explanation is
that the generally decreased cerebral metabolism during
SWS is a function of reduced cerebral demand and activity.
However, this decrease in activity may be due to factors
other than the need for energy conservation.
Effects of Experimental Sleep Deprivation and
Fragmentation on Cognitive Task Performance
In humans, systematic studies of total sleep
deprivation (TSD) have revealed some temporary deficits
but no permanent effects.

For example, in a case study

conducted in 1965, a 17 year old boy (Randy) was
continuously awake for 264 hours and 12 minutes.

On the

last deprivation night, Dement (1972) reported that he
spent several hours in a penny arcade with Randy competing
with him on a baseball machine.

They played more than 100

games and Randy won all of them attesting to the absence
of physical or psychomotor impairments produced by TSD (at
least those well practiced skills required to play the
arcade game).
An earlier study (Tyler, 1955) involved TSD for 112
hours by 350 volunteers.

Seven of these volunteers
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exhibited "psychotic-like” behavior.

However, other

studies showed that only individuals with previous
psychotic behavior, a traumatic childhood or a history of
pyromania displayed psychotic like behavior during
prolonged sleep deprivation (Brauchi & West, 1959; Katz &
Landis, 1935; Luby, Frohman, Grisell, Lenzo, & Gottlieb,
1960).

It appears that psychotic or bizarre behavior is

not an inevitable consequence of sleep loss.
Conditions of TSD, PSD and sleep fragmentation have
been shown to produce deficits or worsening of performance
on vigilance and reaction time tests, and have been
associated with attentional lapsing, cognitive slowing and
memory problems (Dinges & Kribbs, 1991).

The tests that

have been found to be most sensitive to sleep deprivation
are ones that are "simple, dull, monotonous, easy to score
and not prone to practice effects" (Horne, 1992; p.34).
The most crucial factors seem to be impairment of
attention and "accelerated state lability" (Dinges &
Kribbs, 1991; p. 119).
Accelerated state lability refers to an increasing
oscillation between alertness and lowered vigilance
accompanied by drowsiness and the occurrence of
microsleeps.

There seems to be an interplay between

motivation to perform well and a relentless pressure to
progress from wake to sleep (Dinges & Kribbs, 1991).
There is also an effect of circadian factors during the
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sleep deprivation/performance period, with the poorest
performance usually occurring during deprivation combined
with the circadian nadir (2-5 am).

Beyond 52-72 hours of

TSD, circadian influences become less and less pronounced
(Dinges & Kribbs, 1991; Gillberg & Ackerstedt, 1981).
With longer duration tasks (i.e., 30-60 min) ,
deterioration in performance can be seen earlier (Dinges &
Kribbs, 1991) and, if continuous performance is required
throughout the sleep loss period, then performance
deficits can be detected as early as after 18-24 hours of
continuous wakefulness (Angus & Heselgrave, 1985).
In most studies, effects on these performance tests
do not become consistently apparent until about 36-40
hours of TSD and many times these effects are small.
There are a significant number of TSD/performance studies
that have shown no differences in performance with this
amount of sleep deprivation.

One possible explanation is

that there are powerful performance incentive effects,
which can reduce or override boredom/tedium factors and
produce near normal results on many of these tests (Horne,
1988a).

Therefore, performance after 36-40 hours of total

sleep deprivation (TSD) may be influenced by tedium, lack
of interest and irritability rather than specific
impairments in attention/concentration (Horne, 1991) or
accelerated state lability.

However, after about 56-72
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hours of TSD, even performance incentives do not appear to
positively influence performance.
The effects of sleep fragmentation on cognitive
performance appear to be much less pronounced (Bonnet,
1994) .

Sleep fragmentation studies were originally

conducted to ascertain the function(s) of certain stages
of sleep, especially SWS and REM sleep.

Psychological and

cognitive performance measures have been used.

No

consistent effect has been found for selective REM sleep
deprivation (Pearlman, 1982) or selective SWS deprivation
(Bonnet, 1994), although it has been established that it
is much more difficult to selectively deprive an
individual of SWS than it is to deprive him/her of REM
sleep.

To selectively deprive a subject of SWS requires

5-7 times more arousals per sleep period than depriving
him/her of REM sleep only (Agnew, Webb, & Williams, 1967).
In a series of studies conducted by Bonnet and
associates, general findings were that brief arousals
during sleep reduce daytime alertness, and that this
reduction is systematically related to the frequency of
arousals, type of arousal and age of the subject (Bonnet,
1994).

For example, using reaction time, addition and

vigilance tasks, Bonnet (1986b) found that 2 consecutive
nights of sleep disruption including conditions of
awakenings after (1) every 1 minute of sleep,

(2) every 10

minutes of sleep and (3) after 2.5 hours of sleep and then
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a brief awakening at each subsequent sleep onset, found
that the 1 minute group showed performance deficits
approximating a TSD group (i.e., this condition produced
non-restorative sleep) while the 2.5 hour group showed the
least amount of deficits.

Performance decrements in the

10 minute condition were less than the 1 minute condition
but greater than the 2.5 hour condition.
In a follow up study Bonnet (1986c) attempted to
determine the differential effect of selective SWS
deprivation from the effects of periodicity and frequency
of sleep disruption.

In this study, subjects spent two 4-

night periods in the laboratory.

During the first 4-night

series, subjects were either aroused following each ten
minutes of sleep or whenever they entered stage 3 sleep.
In the second series, arousals were performed at 5 minute
intervals except during SWS.

The number of experimental

arousals was equal across the two groups while SWS was
reduced in the first condition.

The key determinant of

performance following sleep fragmentation was frequency
and periodicity of sleep disturbance not any specific
stage deprivation.
of sleep disruption.

Periodicity refers to the regularity
For example, disruptions occurring

at regular intervals produced more performance decrements
than an equal number occurring at irregular intervals.
In another study, younger subjects (age range 18-28
years) were more sensitive to the effects of moderate
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sleep disturbance (14 arousals per hour) over a two night
period than were older subjects (age range 55-70 years).
Older subjects showed less performance deterioration
across testing sessions than did the younger subjects
(Bonnet, 1989a).
Sleep Deprivation and Higher Cortical Functioning
Horne (1991) hypothesized that core sleepiness may
produce impairments in higher cerebral function similar
(though much less severe) to those found in patients with
frontal lobe dysfunction.

His reasoning for this argument

is: (1) the frontal lobes are the largest,

(2) they

exhibit neuropsychological impairment during TSD (at least
in his study), (3) TSD abolishes the contingent negative
variation (CNV) which is a frontal generated EEG evoked
potential wave associated with a subject's expectancy of a
stimulus (Naitoh, Johnson, & Lubin, 1971), and (4) the
intensity of delta EEG activity during sleep is greatest
in the frontal region (Buchsbaum, Mendelson, Duncan,
Coppola, Kelsoe, & Gillin, 1982).

Horne (1991)

hypothesized that this level of delta activity in the
frontal lobes could be interpreted as a possible marker
for cerebral restitution taking place during sleep.
Horne's list of possible frontal lobe impairments due
to TSD includes: "reduced originality of response,
response inhibition (stereotypy & perseveration), effects
on voluntary eye gaze (loss of logical order in scanning),
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easy distractibility by irrelevant stimuli, impaired
recent memory, reduced word fluency, flattening of affect
and speech, impaired planning ability including planning
of voluntary movement, impaired ordering of temporally
changing principles, impaired spatial orientation, less
spontaneity of behavior, and disinhibition of personality"
(p.178) .
Another hypothesized effect of frontal lobe
dysfunction is impaired performance on tasks that require
spontaneity and flexibility or "divergent" thinking
(Horne, 1988b; Kolb & Whishaw, 1990).

Traditional

intelligence tests which include tasks such as word
definitions, arithmetic problems, block designs and
general information questions, appear to measure what some
psychologists call "convergent" thinking or intelligence
(Guilford, 1967; Kolb & Whishaw 1990; Lezak, 1983;
Zangwill, 1966).

These tasks require just one correct

answer to a question and do not require spontaneity or
flexibility in thinking.
Although some researchers distinguish between these
two types of thinking (Guilford, 1967; Kolb & Whishaw,
1990; Lezak, 1983; Zangwill, 1966), the distinction is
problematic and unclear.

This difference is not

conceptualized as only the degree of complexity of any
given task, but includes the idea that a subject will
generate multiple responses to a single probe or show
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novel or creative ideas as compared to other subjects
given the same probe.

However, one major testable

component to this distinction may be the concept of
cognitive flexibility such as the ability to come up with
novel ideas or solutions and the ability to shift from one
certain response set to another.
Very few studies of experimental sleep deprivation
have examined subject performance on tasks designed to
measure cognitive flexibility.

Given that over 1,000

sleep deprivation and performance studies have been done
(Bonnet, 1994), it is surprising that only two have
included tasks designed to measure cognitive functioning
such as cognitive flexibility (Herscovitch, Stuss, &
Broughton, 1980; Horne, 1988b).
Horne (1988b) found that after one night of TSD,
subjects showed performance decrements on tests of
creative thinking (Torrance Tests of Creative Thinking
[TTCT]; Torrance, 1974) and two short tasks: a word
fluency task and a non-verbal planning task known as the
"Tower of London Test" (Shallice, 1982).

He felt that the

performance decrements on the TTCT were due to an
impairment in creative thinking but could not rule out
fatigue, boredom or lack of motivation as a confounding
factor due to length of the TTCT (about 75 minutes).
However, subject performance on the much shorter word
fluency and Tower of London tasks was also impaired.
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The

TTCT performance of the subjects was studied using
alternate forms in a pretest posttest design, while
performance on the other tests compared the TSD subjects
to a non-sleep deprived control group.

The pretest

posttest design for the TTCT tests

raised the possibility

of practice effects but an attempt

to correct for this was

made by using another control group to estimate practice
effects and then a regression correction when analyzing
the effects of TSD.

Performance by the sleep deprived

group was still significantly worse than control subjects.
TSD group performance on an anagrams test, which Horne
felt was not a test of cognitive flexibility,

was not

different from that of the control group.
Horne concluded that the effects of TSD for 32 hours
on convergent thinking tasks was nonsignificant while
divergent thinking was severely impaired.

He also found

that l,perseverationH among the TSD group was a common
finding across the TTCT, word fluency and Tower of London
tasks with subjects fixating on previously successful
strategies when confronted with new and different tasks,
although he did not report how this was measured.
Horne's finding that one night of sleep loss can
"greatly" impair performance on tasks associated with
frontal lobe functioning contrasts with research showing
that attention/vigilance task performance is usually
slightly affected or unaffected, especially if the tasks
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are short, and performance incentives are given to
subjects.

He attributed these performance deficits as

supporting evidence for his core sleep or cerebral
restitution hypothesis of sleep and suggested that the
deficits shown by the TSD group were indicative of mild
frontal lobe dysfunction.
This interpretation is problematic because his study
was actually a TSD study, not a specific test of core
sleep deprivation.

The TSD subjects were not allowed to

sleep for the entire night, in effect depriving them of
core and optional sleep.

Horne appears to have made the

assumption that core sleep deprivation was the only
important factor in the subject's impaired performance.
However, these results can still be interpreted from
a TSD perspective.

Performance impairments in the TSD

subjects after the 32 hours of TSD are a significant
finding that differs from the sleep deprivation
literature, again, which has shown inconsistent or small
effects on attention/vigilance tasks after one night of
TSD.
Herscovitch, Stuss, and Broughton (1980) examined the
effects of chronic partial sleep deprivation (PSD) on
Wisconsin Card Sorting Test performance and performance on
an anagrams test.

They restricted the sleep of 7 subjects

by 40% for 5 consecutive nights.

Each subject reported

their habitual amount of sleep, then this was reduced by
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40%.

Average sleep length after the reduction was 4.6

hours.

Two recovery nights were included in which sleep

was extended by 40% the first night and 20% the second.
Subjects were tested using the WCST and were then
asked to solve as many anagrams as possible (from a list
of 75) within 10 minutes.

Herscovitch, et al.

(1980)

found a nonsignificant trend of increased perseveration
tendency on the WCST during the sleep restriction phase,
and a nonsignificant trend for subjects to make "nonperseverative" errors on the WCST following the sleep
extension phase.
found.

No differences on the anagrams task were

They concluded that general task performance was

unaffected by any of the experimental manipulations.
Horne (1992) felt that the average of 4.6 hours of
sleep per night in the Herscovitch, et al.

(1980), study

produced a deficit of one hour per night of core sleep and
attributed the nonsignificant trend of increased
perseveration to the loss of core sleep.

He hypothesized

that the WCST was a test of divergent thinking while the
anagrams were tests of convergent thinking.
Horne's interpretation is problematic in several
ways.

First, it is not possible to ascertain whether

these results were due to minor core sleep deprivation or
to major REM sleep deprivation.

The overwhelming majority

of SWS had most likely already occurred during the 4.6
hours of sleep and the majority of REM sleep had not.
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Polysomnography for these subjects would have been very
helpful in determining how much SWS and REM sleep was
obtained.

Second, it has not been established whether the

WCST is a test of divergent thinking or again if this
distinction is valid.

Third, Herscovitch, et al.

(1980)

did not report how close their nonsignificant trend of
increased perseveration was to approaching statistical
significance.

If the trend was close to the standard

criterion of statistical significance (probability of
committing type I error=.05), then the results could have
been attributed to low power due to the small number of
subjects (n=7); but at this point this is impossible to
determine.

Herscovitch, et al. (1980) concluded that

their experimental manipulations did not have any effect
while Horne (1992) interpreted the study as supporting his
core sleep hypothesis.

Fourth, Horne's interpretation of

the Herscovitch, et al. (1980), study concerns the fact
that the most important characteristic of core sleep is
SWS.

SWS has been shown to be a primary drive state and

even within the core sleep period the majority of SWS
tends to occur toward the first part of the period (Anch,
Browman, Mitler, & Walsh, 1988).

The chronic reduction in

sleep may have caused an increase in SWS pressure.
Subjects, in subsequent sleep restricted nights,
(especially the latter nights), could have experienced an
overall increase in percentage of SWS during the 4.6 hours
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of sleep, thus obtaining all of their normal amounts of
SWS within the 4.6 hours and negating any adverse effects
which might of otherwise been caused by reduced SWS.
At this point, it appears that chronic PSD of a more
drastic nature than that done by Herscovitch, et al.
(1980) in their 5 day 40% deprivation study may be
necessary to produce any dramatic performance impairments
on the WCST.
Even though the validity of the concept of core sleep
could be directly tested through the results of
experimentation using partial sleep deprivation or sleep
fragmentation and performance on various tasks, it is not
possible at this point to accurately discern which of the
components of core sleep, SWS or REM sleep (or both) are
responsible for the hypothesized cerebral restitution.

In

a deprivation study done without benefit of
polysomnography it is impossible to selectively deprive a
subject of one or the other.
However, the point that there is a physiological need
for a certain amount of sleep, while the rest of sleep may
be optional, has received some indirect support from
research that shows that after TSD, performance on many
cognitive, attentional and motor tasks can be restored to
normal pre-sleep deprivation baseline levels with a lesser
amount of sleep than is usually obtained.

For example,

after 40 hours of TSD, young adults performed at baseline
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levels on reaction time tests after only 4 hours of
recovery sleep (Rosa, Bonnet, & Warm, 1983).
Rationale of the Present Study
The hypothesis that one night of TSD will adversely
affect performance on tasks requiring cognitive
flexibility and the capacity to shift response set differs
from the majority of the sleep deprivation literature
which shows modest effects on attention/concentration
tasks.

Currently, the studies by Horne (1988b) and

Herscovitch et al. (1980) are the only two where
researchers attempted to examine this effect.
Although concepts such as frontal lobe function,
executive functioning (EF) and divergent vs. convergent
thinking are generally loosely defined and present
definition and measurement difficulties, there is a common
component, which is the ability to regulate and monitor
one's behavior and make adjustments when appropriate.
While possibly being overly broad, Lezak's (1994) recent
discussion of EF is comprehensive and detailed enough to
enable researchers to test some of the basic components
that she postulates are part of this constellation of
behaviors or abilities.

For example, the ability to

maintain and shift response set when appropriate, has been
cited by many neuropsychologists as an ability evident in
intact brain functioning.

This ability can be tested

using instruments that have already been developed such as
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the Wisconsin Card Sorting Test, Stroop Color/Word Test
and the Categories Test of the Halstead-Reitan
Neuropsychological Test Battery (Halstead, 1947; Reitan &
Davison, 1974).
Although Horne's (1988b) original supposition that
loss of core sleep was the factor responsible for the
deficits shown by subjects in his study is unwarranted at
this time, it is still possible to directly test the
effects of one night of TSD on other tests of cortical
functioning which he felt might be affected by sleep
deprivation and were not tested in his study.
The present study was conducted to find if one night
of TSD would adversely affect performance on tasks
designed to measure the ability to maintain and shift
response set, the ability to suppress a habitual response
(a measure of perseveration tendency), and the spontaneous
production of words (which has been associated with
frontal lobe functioning).
All cognitive tasks require some degree of
attention/concentration and motivation by subjects for
adequate performance (Dinges & Kribbs, 1991).

Tests that

require sustained attention, concentration and prolonged
effort, but are not considered to measure the same
abilities as the tests mentioned above, were used to rule
out attention/concentration and motivational factors as
experimental confounds.
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In the present study, performance of non-sleep
deprived and sleep deprived individuals on tests of
general intelligence and sustained attention were
administered along with tests traditionally used as
measures of frontal lobe functioning.

This was done in

order to compare the effects of sleep deprivation on these
two types of tasks across the two experimental groups.
The general experimental hypothesis was that performance
across the two groups on the intelligence and sustained
attention tasks would not differ but that the sleep
deprived group would perform worse on frontal lobe (or EF)
measures.
Specific experimental hypotheses tested were as
follows (see description of cognitive tests in the METHOD
section):
1.

Compared to non-sleep deprived control subjects,
sleep deprived subjects would perform more poorly on
a word fluency test, a task that has been associated
with frontal lobe function.

2.

Sleep deprived subjects would perform more poorly on
the WCST (Heaton, 1981) showing fewer categories
achieved, more perseverative errors and more total
errors than control subjects because of impaired
ability to maintain and shift response set and
increased perseverative tendency.
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3.

Sleep deprived subjects would perform more poorly on
the Booklet Form of the Categories Test (DeFillippis
& McCampbell, 1984) which like the WCST is a measure
of cognitive flexibility and concept formation but
has also been shown to be more sensitive to overall
impairment than the WCST (Bornstein, 1986).

4.

Sleep deprived subjects would perform more poorly on
part C of the Stroop Color/Word test (Regard,1981)
taking more time to complete the task and making more
errors because of decreased cognitive flexibility and
decreased ability to suppress a habitual response
(increased perseverative tendency).

5.

The two groups would not perform differently on the
Paced Auditory Serial Addition Test (Gronwall, 1977)
because it is a relatively brief test (about 15
minutes) of sustained attention, which has been shown
to be minimally affected by one night of TSD.

6.

Performance on the four subtest short form of the
Wechsler Adult Intelligence Scale-Revised (Wechsler,
1981) would not differ between the two groups because
performance on IQ tests has been shown to be
unaffected by one night of TSD.

It is a lengthy test

(about 30-45 minutes), and as such, equal performance
between groups would indicate that the groups did not
differ in attention/concentration or motivation to
perform well.
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METHOD
Participants
One experimental group that was continuously awake
for 34-36 hours (TSD; total sleep deprivation) and one
control group allowed to sleep a normal 7-8 hours (total
sleep time = 420-480 minutes) the night before testing
were utilized.

Subjects consisted of 61 adults recruited

from undergraduate students enrolled in psychology courses
at the Baton Rouge Campus of Louisiana State University
(LSU).

Data collection took place over the course of

three and one half semesters.

Measures
The following neuropsychological tests were used: The
Controlled Oral Word Association Test (Spreen & Strauss,
1991), The Wisconsin Card Sorting Test (Heaton, 1981), The
Booklet Form of the Category Test (DeFillippis &
McCampbell, 1984), The Stroop Color/Word Test (Regard,
1981), The Paced Auditory Serial Addition Test (Gronwall,
1977), and a four subtest short form of the Wechsler Adult
Intelligence Scale-Revised (Silverstein, 1982; Wechsler,
1981).

The Shipley Institute of Living Scale (Shipley,

1946) was also administered as part of the initial
screening procedure.

All subjects were also administered

the Profile of Mood States (POMS; McNair, Lorr, &
Droppleman, 1971) the Stanford Sleepiness Scale (Hoddes,
Zarcone, Smythe, Phillips, & Dement, 1973), a visual
48
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analog sleepiness/alertness scale to rate tiredness for
the day, and a brief post-test questionnaire designed to
assess motivation to perform well on the cognitive
testing.
Spreen and Strauss's (1991) version of the Controlled
Oral Word Association (Word Fluency) test consists of
three separate one minute trials in which subjects are
required to verbally produce as many words as possible
beginning with the letter F, A, and S respectively.
Subjects use only one of the letters in each one minute
trial.
Inter-rater reliability for the Word Fluency test is
"near perfect” (Spreen & Strauss, 1991; p. 20) while testretest reliability for one year is .70 (Snow, Tierney,
Zorzitto, Fisher, & Reid 1988) and .88 for 19-42 days
(desRosiers & Kavanaugh, 1987).

Spreen and Strauss (1991)

cited nine studies demonstrating reduced performance in
frontal lobe damage patients but not in patients
exhibiting lesions in other areas.

Performance on the

Word fluency test also correlates very weakly with IQ, age
and level of education (Spreen & Strauss, 1991).

To date,

only one study has examined word fluency performance in
sleep deprived subjects (Horne, 1988b).
Tests of general abstract reasoning and cognitive
flexibility consisted of a computerized version of the
Wisconsin Card Sorting Test (WCST; Heaton, 1981) and the
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Booklet Form of the Category Test (BFCT; DeFillippis &
McCampbell, 1984) .

The WCST is a sorting task that

requires subjects to sort to a certain criterion that
changes without warning.

Four stimulus cards are

presented on the computer screen.

The subject is

presented with two packs of cards and is instructed to
place each card in a pile below one of the four stimulus
cards according to the sorting principle that he/she
thinks is correct, then is informed by the tester whether
his/her answer is right or wrong.
clues given during the test.

There are no other

Subjects are first required

to sort for color without instructions to do so, guided
only by whether each response is right or wrong.

Once ten

consecutive correct responses are given, the sorting
criterion shifts without warning from color to form.

Once

ten consecutive correct responses to form are given, the
sorting criterion shifts to number, then back to color and
then to form once more.

Ten consecutive correct responses

are required for each shift of the sorting criterion.
Testing continues until the subject has successfully
completed six sorts: color, form, number, color, form,
number or until all 128 cards have been presented.
To date, the WCST has been used in only one
experimental sleep deprivation study (Herscovitch, et al.,
1980).

The WCST is a test of abstraction ability and the

ability to shift and maintain response set.

Most of the
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interest in the WCST has been in its usefulness to
diagnose frontal lobe impairment, and most
neuropsychologists consider the WCST to be a valid test of
frontal lobe functioning (Franzen, 1989; Kolb & Whishaw,
1990; Spreen & Strauss, 1991).

It was extensively studied

by Milner (1963) who concluded that it is the
neuropsychological test most sensitive to frontal lobe
function.
The specificity of this relationship has been
questioned by several recent studies (Benton, 1994;
Heaton, Chelune, Talley, Kay, & Curtiss, 1993; Wagman &
Wagman, 1992).

Benton (1994) pointed out that the WCST is

useful for detecting the presence of cerebral dysfunction,
but that recent studies have found no difference between
frontal and non-frontal patients.

He concluded that the

WCST is an excellent test for assessing cognitive
flexibility and the presence of cerebral dysfunction, but
that it cannot be used in isolation to localize cerebral
dysfunction.

The reliability of the WCST has not been

evaluated (Franzen, 1989), most likely because of
significant practice effects and the lack of alternate
forms.

Inter-rater reliability was not an issue in the

present study since the test was computer administered.
The Booklet Form of the Category Test (BFCT) was also
administered.

The original Halstead Category Test (HCT;

Halstead, 1947) is a test of the ability to form abstract
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concepts and to maintain attention.

It also has a

visuospatial component since it correlates most highly
with the block design and picture arrangement subtests of
the WAIS-R (Lezak, 1983), indicating that it may tap
functions of more posterior areas of the brain even though
it is a test of concept formation like the WCST.
The HCT consists of seven subtests, 208 total items,
presented one at a time onto a screen.

The subject is

required to figure out the categorization principle
presented in each subtest and to answer by pressing the
appropriate number (1, 2, 3 or 4) on a keyboard.

Each

subtest has different figures, designs and sorting
principles.

For example, in subtest I (8 items), a Roman

numeral between I and IV is presented on each item and the
subject must choose the corresponding number between 1 and
4.

In subtest II (20 items), the number of figures

presented on each item (1-4) is the correct answer,

in

subtest III (40 items), each item has four figures with
one being different from the other three.

This item is

always in one of four positions that correspond to the
numbers 1-4 as placement of the figure of interest moves
from left to right.

In subtest IV (40 items), an

incomplete figure is presented with the missing part in
one of four quadrants.

The subject must learn which of

the numbers 1-4 corresponds to the quadrant of the missing
part of the figure.

In subtest V (40 items), geometric
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figures made up of solid and dashed lines are shown.

The

proportion of the figure made up of the solid line is the
correct answer.

This can be one-fourth (1) , two-fourths

(2) , three-fourths (3) or four-fourths (4) of the figure.
Subtest VI (40 items) is analagous to subtest V.

Subtest

VII (20 items) is a memory task for all of the concepts
introduced on the prior subtests.
Correct responses are followed by a chime while a
buzz follows errors (Lezak, 1983).

No other feedback is

given except that one subtest has ended and that another
is beginning, and that the categorization concept may or
may not be the same for the next subtest.
This test has several practical drawbacks, one being
that the apparatus is very bulky, costly, and not portable
(Lezak, 1983).

DeFillippis and McCampbell (1984)

developed a booklet form of the HCT (BFCT) and preserved
the appearance of the original slides as much as possible.
Items are presented on individual cards in two letter size
notebooks, and at the bottom of each page are the numbers
1-4.

Subjects are required to try to learn the

categorization concept and then point to the number
indicating the correct response.

The examiner records

whether the response is correct and then informs the
subject only if the answer is right or wrong.

Procedures

from this point on are the same as in the original HCT.
The HCT, as well as the BFCT, is scored for total number
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of errors.

DeFillippis and McCampbell,

(1984) reported

that the performance of alcoholics and controls between
the original form and the booklet form correlated .804 and
.913 respectively.
Bornstein (1986) compared performance of various
patients with localized brain lesions (left-frontal,
right- frontal, left-nonfrontal and right-nonfrontal) on
the WAIS-R, HCT, WCST and a word fluency test.

WAIS-R

performance was more sensitive to overall cerebral
impairment than the Halstead Category Test (HCT) while the
HCT was more sensitive than the WCST.

In addition, he

found that the WCST and word fluency tests were more
sensitive to localized frontal lobe lesions than either
the WAIS-R or HCT.

A discriminant analysis showed the

highest percentage of correct classification to be for the
left-frontal lesion patients.

'•Laterality'1 and

"caudality" effects were examined by using 2x2 (left vs.
right X rostral vs. caudal) analyses of variance (ANOVAs)
for each test.

Examination of main effects showed a

laterality effect for the WAIS-R, no effects for the HCT,
a caudality effect for the WCST and both a laterality and
caudality effect for the word fluency task.
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Pendleton and Heaton (1982) compared both the WCST
and HCT and found that they are not clinically
interchangeable and that the HCT seems to assess concept
formation and abstract reasoning ability while the WCST
measures perseverative tendency.
The Stroop Color/Word test (Stroop, 1935; Golden,
1978; Regard, 1981) was also administered.

Stroop (1935)

was originally interested in the effects of interfering
perceptual information on behavior.

The Stroop Color/Word

test (Stroop) is a measure of cognitive flexibility, and
specifically measures a person's ability to shift his/her
perceptual set and suppress a habitual response in favor
of an unusual one (Spreen & Strauss, 1991).
Neuropsychologists have used it mostly as a screening
procedure for organic impairment.

It was used in this

study because cognitive flexibility, shifting set, and
suppressing a habitual response are all behaviors or
abilities hypothesized to be negatively affected by one
night of TSD.

The Stroop is also different from the WCST

in that it requires a subject to suppress a habitual
verbal motor response which has been found to be very
difficult to do, even for normal subjects.
The Victoria Version of the Stroop was used (Regard,
1981).

"It consists of three 21.5 cm X 14 cm cards, each

containing six rows of four items" (Spreen & Strauss,
1991; p. 53).

Parts one, two and three are named parts D,
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W and C respectively.

In part D the subject has to name

the colors of twenty four dots as quickly as possible
(blue, green, red or yellow).

Part W requires the subject

to name the color (blue, green, red or yellow) in which
common non-color words are printed (such as: when, hard,
over) .

In Part C the subject is required to name the

color in which the color words are printed while
disregarding the printed content which is the word "blue” ,
"green", "red" or "yellow" and does not correspond to the
color of the ink.
The Victoria version of the Stroop provides indices
of the time to complete each part and the number of
errors.

Only responses for part C were scored and

analyzed as dependent variables, since this was the actual
interference procedure.
Spreen and Strauss (1991) reported reliability
coefficients for the Victoria version of .90, .83 and .91
for the three parts of the test.

They reported that it

has been studied in normals, brain damaged and psychiatric
patients and that it is an effective screen in
distinguishing normal controls from brain damaged
patients, and brain damaged from psychiatric patients.
Both the WCST and Stroop are sensitive to impaired
response inhibition and are measures of inflexible,
perseverative behavior.
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The Paced Auditory Serial Addition Test (PASAT;
Gronwall, 1977) was also administered.

It is a very

sensitive measure of information processing rate and
sustained attention (Spreen & Strauss, 1991).

It is

thought to measure central information processing capacity
and speed (Gronwall & Sampson, 1974).
The PASAT consists of four trials in which a
prerecorded tape presents a random series of 61 numbers
ranging in value from 1 to 9.

The subject is instructed

to add pairs of numbers such that each number presented is
added to the one immediately preceding it: the second is
added to the first, the third to the second and so on.
The same 61 numbers are randomly presented in four
different trials each differing in the rate of
presentation: 2.4, 2.0, 1.6, and 1.2 seconds between each
number.
The PASAT is an experimenter paced task.

Reviews of

the sleep deprivation literature (Dinges & Kribbs, 1991;
Johnson, 1982) suggest that sleep deprived subjects will
sacrifice speed for accuracy and that in subject paced
tasks, accuracy remains high while number of items
attempted during a particular testing session decreases.
If the task is experimenter paced, accuracy is reduced.
This phenomenon along with others such as reduced
reaction times after very prolonged sleep deprivation has
been interpreted by reviewers as evidence that "cognitive
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slowing" may be one of the effects of sleep deprivation
(Dinges & Kribbs, 1991; Johnson, 1982).
Split-half reliability for the PASAT is .96 (Egan,
1988) and it appears to be sensitive to mild concussions;
it is related to the patient's experience of concussion
symptoms and indicates readiness to return to work post
concussion (Gronwall, 1976; Gronwall & Sampson, 1974;
Gronwall & Wrightson 1974).
PASAT performance was assessed in this study to
assure that performance differences across the two groups
on the Word Fluency, BFCT, WCST and Stroop were not simply
due to attentional or motivational impairment.
A four subtest short form of the Wechsler Adult
Intelligence Scale-Revised (WAIS-R; Wechsler, 1981) was
also administered (Silverstein, 1982).

This abbreviated

measure correlates .95 with WAIS-R full scale IQ scores
obtained using the entire WAIS-R test battery
(Silverstein, 1982).

Performance on the WAIS-R does not

appear to be affected by one night of sleep deprivation
(Percival, Horne, & Tilley, 1982).

Like the PASAT, this

measure was used to better establish (or rule out) whether
worse performance on the Word Fluency, BFCT, WCST and
Stroop tests by the TSD group was not simply due to
attentional, motivational or general intellectual
impairment.
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The Shipley Institute of Living Scale (Shipley;
Shipley, 1946) was used in the screening procedure and
consists of two parts: a measure of vocabulary and a
measure of abstraction skills.

It provides an IQ estimate

and agrees best with WAIS-R full scale IQ estimates of
individuals having normal to above average IQ (Prado &
Taub, 1966) such as the subjects in this study.
Procedure
All selection and screening procedures took place on
the LSU Baton Rouge campus.

Upon arriving for screening,

all subjects signed a general informed consent (Appendix
A).

They were then assessed for normal sleep patterns and

the presence of any primary or secondary sleep disorders
through the use of the Sleep Disorders Inventory (SDI;
Appendix B; Waters, 1994).
A total of 148 potential subjects were screened for
inclusion in the study, 55 were ruled out from further
participation and 2 did not complete the screeing process
(please see Appendix I for a complete list of excluded
subjects and reasons for exclusion).

A total of 91

subjects were deemed appropriate for the study.

Of these,

3 dropped their psychology course before participation in
the study, 10 cancelled within 24 hours before they were
scheduled to begin and 19 cancelled during the week before
they were scheduled, and could not be rescheduled due to
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prior commitments, schedule conflicts, semester ending,
etc.

A total of 61 subjects completed the study.
Those endorsing items on the SDI indicative of the

presence of sleep apnea, periodic limb movements of sleep,
restless legs syndrome and various parasomnias such as
sleep walking, night terrors, sleep bruxism, etc., were
excluded from the study.

Those exhibiting poor sleep

hygiene, drug use, irregular sleep patterns, insufficient
sleep for any reason (insomnia or voluntary restriction of
sleep), phase advanced or phase delayed sleep patterns or
rotating shift work were also excluded.

Subjects were

also screened for the presence of any medical condition(s)
that could have interfered with their safety or ability to
stay awake during the sleep deprivation procedure.

In

addition, all subjects were screened and excluded for
regular or habitual use of any medications known to effect
sleep parameters.

These included: psychotropic

medications such as antidepressants and anxiolytics, over
the counter and prescription medications for insomnia,
stimulants and others.

In addition, one subject who was

legally blind was excluded because that would have
interfered with test administration.
Subjects who passed the initial screening were then
administered the Structured Interview for DSM III-R NonPatient edition (SCID-NP; Spitzer, Williams & Gibbons,
1987; Appendix C) for past (within the last six months) or
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current psychiatric conditions which might adversely
influence their sleep.

Current or past psychiatric

conditions that excluded subjects from further
participation included any DSM III-R Axis I disorder or a
primary sleep disorder.
The Shipley was then administered to the remaining
subjects who were then randomly assigned to either group.
During data analysis, a t-test was used to determine if
differences in IQ or ability to participate in the
abstract reasoning tasks existed between the two groups.
Subjects were then sent home with seven Daily Sleep
Diary forms (Appendix D; adapted from Lacks, 1988) to
assess self-reported quantity and quality of their sleep,
to ensure that sleeping patterns were normal and that
sleeping patterns prior to the deprivation night were
similar in the two groups.
At the end of the seven nights, the TSD subjects
participated in the experimental procedure.

All sleep

deprived subjects were required to awaken at home the
morning before the sleep deprivation night between 06000800.

However, 2 TSD subjects awakened at 1000.
Before the deprivation night, all subjects were

required to spend the day awake and to refrain from all
caffeinated beverages, tobacco and other drugs that might
affect sleep patterns.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

To ensure that subjects awakened on time and that no
naps were taken during the day prior to reporting,
subjects were required to phone in to the sleep lab at LSU
when they awoke that morning and leave their name and time
of call on an answering machine.

Then, every 2.0 hours,

subjects were required to phone the sleep lab and leave
their name and time, or sign a log placed there if they
were close by on campus.

This continued throughout the

day until they reported to the lab at 2200-2300.

In

addition, every 1/2 hour an experimenter phoned and left a
message on the answering machine that included the time,
and checked the log.

This information was used to assure

that subjects reported the accurate time when they called
or signed the log.
Subjects in the TSD condition reported to the sleep
laboratory at LSU between 2200-2300.

Upon arrival for the

deprivation period, they read and signed a consent form
for sleep deprivation (Appendix E).

Subjects in the TSD

group participated in groups of 4-8 individuals to enable
the experimenter to prevent napping and to ensure rapid
testing at the end of the 34-36 hour sleep deprivation
period.
After reporting to the sleep lab between 2200-2300,
subjects were not allowed to be away from the experimenter
until the end of the testing session, which was around
2000 the next day.

Subjects spent the sleep deprivation
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night and the following day in the sleep lab or on the
campus grounds with a graduate or undergraduate student
research assistant who kept them awake at all times.
Videos, board games and leisure walks around campus were
provided to help keep subjects occupied.

In addition,

each subject was assigned to another subject to help
entertain and keep each other awake.

Any subject desiring

to terminate the study was allowed to do so without
penalty, although this did not occur.
Control group subjects were not sleep deprived and
were not required to report to the sleep lab until the
beginning of the cognitive testing period.

However, they

were required to complete the sleep diaries for the seven
days prior to testing, to go to bed between 2200-2300 the
night before the testing, and to awaken between 0600-0800
the morning of the testing period.
Like TSD subjects, control subjects were required to
call into the sleep laboratory upon awakening, then every
2.0 hours the day of testing to ensure that they did not
nap before the testing session.

They were not allowed to

drink any caffeinated beverages, use tobacco or take any
drugs known to affect sleep patterns.
All subjects reported to the sleep lab at LSU for
testing between 1730-1745 or were already present (TSD
subjects).

Approximate time for testing sessions was 2.0-

2.5 hours.

Immediately prior to cognitive testing, all
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subjects were asked to complete the POMS.

The POMS was

administered with a slight modification, in that subjects
were asked to rate their mood for that day instead of the
past week as per the instructions on the form.

All

subjects completed the Stanford Sleepiness Scale (SSS;
Appendix H) and the visual analog scale (VAS; Appendix G)
after completing the POMS and prior to cognitive testing.
The SSS consists of seven statements that the subject must
read, then place a check mark by the one that best
decribes his/her present state.

Each statement

corresponds to a numerical score that rates the subject's
alertness/sleepiness.

Scores will range between one and

seven for each subject with higher scores indicating more
sleepiness and less alertness.
The VAS consists of a 10 cm line that is crossed on
each end and anchored on the left end with the words "Very
Sleepy" and on the right by "Not Sleepy at All."

Subjects

are asked to rate their overall level of sleepiness by
making a vertical mark between these two anchors.

It is

scored by measuring the distance in millimeters from left
to right.

Low scores indicate more sleepiness and higher

scores indicate less sleepiness.

Both the SSS and VAS

provided subjective estimates of sleepiness/alertness up
to that point in time.
Cognitive testing sessions for all subjects in both
groups on the afternoon following the deprivation night
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began at 1800.

All TSD subjects had been continuously

awake approximately 34-36 hours depending on time of
awakening the prior day (except for 2 who were awake 32
hours).

Test presentation was counterbalanced in three

different orders.

Approximate length of administration

for each test was as follows: the Word Fluency test (5-8
minutes), computerized version of the WCST (15 minutes),
BFCT (20 minutes), Stroop test (5-8 minutes), PASAT (15
minutes) and the four subtest short form of the WAIS-R
(30-45 minutes).

All cognitive testing was administered

by graduate research assistants.
During testing, examiners made an effort to keep
subjects motivated by continuous encouragement,
maintaining a mildly competitive atmosphere (encouraging
sleep deprived subjects to do as well as the non-deprived
subjects) and providing 2-3 minute breaks between tests.
Prior to cognitive testing all subjects were told that
they would receive $3.00 if they completed all testing and
were judged by the experimenter to have put forth an
honest effort.

In reality, all subjects were given $3.00

at the end of testing.
After cognitive testing subjects completed a
questionnaire (Appendix F) to assess motivation to perform
well on each of the cognitive tests.
minutes.

This took 3-5

On these questions, all subjects were asked to

rate on a 1-10 scale (1 = almost no effort, 5 = medium

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

effort, 10 = extreme effort) how much overall effort they
put into the cognitive testing and how hard they tried on
each test.

Before beginning, they were informed that

their responses would not effect whether or not they
received the $3.00.

In addition, the TSD subjects only,

rated how well they did overall and on each specific test
(1-10 scale) as compared to how they thought they would
have performed if they had not been sleep deprived (1 =
performance severely impaired, 5 = performance moderately
impaired, 10 = performance not impaired).
After the posttest questionnaires were completed, all
subjects were given their money, extra credit, were
debriefed and were allowed the opportunity to ask any
questions about the experiment.

TSD subjects were urged

to go to bed early that night and to sleep 8-10 hours.
TSD subjects were not allowed to drive home but were
required to walk or arrange for a ride.
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RESULTS
The following dependent variables (DVs) were
analyzed:

(1) WAIS-R IQ estimation obtained by summing the

scaled scores for the four subtests and using the
Silverstein (1982) conversion tables to estimate WAIS-R
Full Scale IQ (1DV); (2) Percentage of correct responses
across the four trials of the PASAT (1DV); (3) Total
number of errors over the seven subtests of the BFCT
(1DV); (4) Total time and number of mistakes on part C of
the Stroop (2DVs); (5) Total number of admissible words
for the three trials of the Word Fluency test (1DV); and
(6) Number of categories achieved, total errors and number
of perseverative errors for the WCST (3DVs).

A total of 9

DVs from the cognitive testing were analyzed.
The POMS provided subjective mood estimates and the
SSS & VAS provided sleepiness ratings immediately prior to
the cognitive testing.

Scores from the POMS scales and

from the SSS and VAS were used to compare group
differences in self-reported mood and sleepiness and in a
correlational analysis to examine the relations between
mood and sleepiness ratings to performance on the
cognitive tests.
Subject ratings for effort put forth during the
cognitive testing was compared between the two groups.
Finally, the TSD subject ratings of their performance as
compared to how they thought they would have done if they
67
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had not been sleep deprived were used in a correlational
analysis to examine the relationship of perceived
performance impairment to actual performance on the
cognitive testing.
Subjects in both groups did not differ on selfreported sleeping patterns prior to testing and were not
different on age and Shipley estimated IQ (Table 1).
Table 2 presents correlations of Shipley IQ with the other
cognitive tests.

Shipley IQ correlated significantly with

seven of the nine cognitive testing DVs.
Because of the significant relationship of Shipley IQ
with the majority of the cognitive testing DVs, all group
comparisons included Shipley IQ as a covariate.

2X2

Group (control vs. sleep deprived) X Gender analyses of
covariance (ANCOVAs) using Shipley IQ as a covariate were
performed for each of the cognitive measures that included
only one DV.

These included the WAIS-R, PASAT, BFCT, and

Word Fluency test.

Table 3 shows means and standard

deviations (SD), as well as F values for the control vs.
sleep deprived analyses.

No main effects were found for

Group (control vs. sleep deprived).
A main effect for Gender was found for the WAIS-R,
F (1,56) = 4.67, p < .05, (male mean = 107.00; female mean =
101.7).

This was the only significant main effect in all

the analyses.

Inspection of cell means showed that both

control and sleep deprived females had lower WAIS-R IQ
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scores than males.

However, a separate analysis (ANCOVA)

using Shipley IQ as a covariate and a summation of the
actual WAIS-R scaled scores for each subtest, before
conversion using the Silverstein (1982) tables, indicated
that actual performance on the WAIS-R subtests did not
differ, F(l,56) = 1.55, p=.22.

The difference in IQ

scores between males and females was likely due to the
conversion tables.

There were a greater number of older

females than males and they tended to perform worse than
older males.
female scores.

This likely produced the tendency for lower
For example, a person with a summed scale

score of 40 on the four subtests would be assigned an IQ
of 108 if they were in the 18-19 age bracket but only 99
if they were in the 25-34 age bracket.

There were no main

effects for Gender on any other DV nor were there any
Gender X Group interactions.
2X2

Group (control vs. sleep deprived) X Gender

multivariate analyses of covariance (MANCOVAs) for the
multiple DV cognitive tests (WCST, Stroop) were performed
using Shipley IQ as a covariate.

No main effects were

found for Group or Gender nor were there any Gender X
Group interactions.

Table 4 shows means, standard

deviations (SD), Wilk's Lambda and p values for the
control vs. sleep-deprived analyses.
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Table 1
Age and Shipley Estimated 10;
Control and Sleep Deprived Subjects

Measure

Control

Sleep Deprived

(n=32)

(n=2 9)

Mean

(SD)

Mean

(SD)

t-tests

Age

21.7 (4.6)

21.1 (3.4)

p=.580

Shipley VT

51.9 (7.7)

54.6 (5.6)

p=.123

Shipley AT

58.9 (4.7)

60.0 (4.2)

p=.342

Shipley IQ

106.0 (8.3)

108.7 (6.3)

p=.151

Note.
Shipley VT & AT = Verbal and abstraction portions
of the Shipley; Shipley IQ = estimated IQ.
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Table 2
Correlations Between Shiplev Estimated
10 and Cognitive Testing DVs (n=61 )
Shipley IQ

WAIS-R

P

.57

<.0001

.22

ns

EST IQ

WORD FLUENCY

- .49
.31

<•0001
o
ui

BFCT ERR

A

PASAT%

STROOP C:
TIME

- .43

<•001

ERRORS

- .29

<.05

.31

<•05

TOTAL ERR

- .32

<•05

PERS ERR

- .03

ns

WCST:
CAT ACH

Note.
WAIS-R EST. IQ = Four subtest short form of the WAIS-R;
PASAT% = Percentage of correct responses across all trials
of the PASAT; BFCT ERR = Number of incorrect responses
across all subtests of the BFCT; Word Fluency = Total
number of acceptable responses across the three trials F,
A and S; WCST = Wisconsin Card Sorting Test; CAT ACH =
WCST number categories achieved; TOTAL ERR = WCST total
errors; PERS ERR = WCST total perseverative errors; STROOP
C = Part C of the Stroop Test; TIME = Stroop part C total
time; ERRORS = Stroop part C total errors.
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Table 3
Comparison of Control Subjects with Sleep Deprived
Subjects (ANCOVAs) Covariate = Shipley Estimated 10
Control
(n=32)

Measure

Mean (SD)

Sleep Deprived
(n=29 )

Mean

(SD)

F (df)

P

WAIS-R
EST. IQ

102.5 (9.8)

106.1 (11.8) F (If 56) 0.46

p = .500

PASAT%

57.3 (15.3)

56.1 (14.7) F (If 56) 0.38

p = .539

BFCT ERR

43.8 (20.1)

35.0 (20.6) F (1,56) 1.36

p=.249

39.9 (8.8)

41.4 (10.3) F (If 56) 0.03

p=.857

WORD
FLUENCY

Note.
WAIS-R EST. IQ = Four subtest short form of the WAIS-R;
PASAT% = Percentage of correct responses across all trials
of the PASAT; BFCT ERR = Number of incorrect responses
across all subtests of the BFCT; Word Fluency = Total
number of acceptable responses across the three trials F,
A and S.
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Table 4
Comparison of Control Subjects with Sleep Deprived
Subjects (MANCOVAs^ Covariate - Shiplev Estimated 10
Control
(n=32)

Mean (SD)

Sleep Deprived
(n=29)

Mean (SD)

Measure

(df)

Wilk's Lambda

(3,54)

.9804 p=.782

(2,55)

.9476 p=.227

WCST:
CAT ACH

4.4 (1.9)

5.0 (1.7)

TOTAL ERR 43.5 (28.8)

35.1 (27.0)

PERS ERR

13.4 (12.4)

11.3 (11.2)

20.5 (5.7)

19.7 (4.1)

1.1 (2.2)

0.2 (0.4)

STROOP C:
TIME
ERRORS

Note.
WCST = Wisconsin Card Sorting Test; CAT ACH = WCST number
categories achieved; TOTAL ERR = WCST total errors; PERS
ERR = WCST total perseverative errors; STROOP C = Part C
of the Stroop Test; TIME = Stroop part C total time;
ERRORS = Stroop part C total errors.
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There were statistically significant group
differences on the SSS, VAS and all POMS scales (Table 5).
Sleep deprived subjects rated themselves as less alert and
more sleepy on the SSS and VAS.

On the POMS scales, sleep

deprived subjects rated themselves as more anxious,
depressed, angry and confused.

They also rated themselves

as being more fatigued and as having less "vigor".
There were four significant correlations among these
measures with the cognitive testing DVs.

The VAS

correlated with BFCT total errors (r= .31 p<.05). The POMS
Fatigue-Inertia (POMSFAT) scale correlated with BFCT total
errors (r= -.27, p<.05) and total errors on Part C of the
Stroop (r= -.28, p<.05).

The POMS Vigor-Activity

(POMSVIG) scale correlated with total errors on Part C of
the Stroop (r= .25, p<.05).
be anomalous.

All correlations appeared to

Subjects who rated themselves on the VAS as

less sleepy actually made more errors on the BFCT.
Subjects rating themselves on the POMSFAT scale as more
fatigued actually made fewer errors on the BFCT and Part C
of the Stroop.

Subjects rating themselves as having

higher energy and vigor (POMSVIG) actually made more
mistakes on Part C of the Stroop.
The magnitude of these correlations are moderate and
given the high number of correlation coefficients
calculated (every mood rating variable with every
cognitive test DV) it is quite likely that these
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significant correlations are due to chance.

Overall,

sleep deprived subjects reported a more negative emotional
state and more tiredness but this did not appear to
significantly affect performance on the cognitive testing.
After completing cognitive testing, all subjects were
asked to rate their effort on each of the cognitive tests
(Appendix F: questions 1, 3a, 4a, 5a, 6a, 7a and 8a) as
well as their overall effort on a scale from 1 to 10 (1 =
almost no effort, 5 = medium effort, 10 = extreme effort).
There were no statistically significant group differences
(Table 6).

Subjects in both groups rated themselves as

having put forth a good effort to do well on the tests.
In addition, sleep deprived subjects only, were asked
to judge whether they thought they performed less well
than they would have performed on each of the cognitive
tests if they had not been sleep deprived (Table 7; see
Appendix F: questions 2, 3b, 4b, 5b, 6b, 7b and 8b).
Questions were presented on a one to ten scale format (1 =
performance severely impaired, 5 = performance moderately
impaired, 10 = performance not impaired).

Sleep deprived

subjects rated their overall performance as moderately
impaired.

Performance on the PASAT was judged to be the

most adversley affected although this was still close to
the moderate impairment range (see question 7b, Table 7 &
Appendix F).
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Table 5
Mood and Sleepiness Ratings: Control
and Sleep Deprived Subjects

Measure

Control

Sleep Deprived

(n=32)

(n=29)

Mean (SD)

Mean (SD)

t-tests

SSS

2.3 (1.3)

3.1 (1.7)

VAS

67.0 (26.6)

31.2 (19.3)

p < . 0001

POMSTEN

39.7 (7.4)

44.8 (6 .6 )

p<. 01

POMSDEP

39.0 (2 .8 )

44.0 (6.4)

p < . 0001

POMSANG

40.7 (7.5)

45.8 (9.8)

p<. 05

POMSVIG

57.8 (8 .2 )

39.6 (8.3)

p < . 0001

POMSFAT

39.6 (6.4)

60.1 (1 0 .8 )

p < . 0001

POMSCON

36.2 (4.7)

48.7 (1 1 .1 )

p < . 0001

p<. 05

Note.
SSS = Stanford Sleepiness Scale; VAS = Visual Analog
Scale. "POMS" ratings are from the Profile of Mood States
Questionnaire Scales. POMSTEN = tension-anxiety; POMSDEP =
depression-dejection; POMSANG = anger-hostility; POMSVIG =
vigor activity; POMSFAT = fatigue-inertia; POMSCON =
confusion-bewilderment.
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Table 6
Post-Test Questions l. 3A-8A
Control

Sleep Deprived

(n=32)

(n=29)

Question

Mean (SD)

Mean (SD)

PTQ1

9.19 (1 .0 0 )

9.07 (0.84)

p=.620

PTQ3A

9.19 (1.28)

8.86

(1.13)

p=.298

PTQ4A

9.09 (1.38)

8.93 (1.25)

p = .632

PTQ5A

9.56 (0.62)

9.45 (1.24)

p=.646

PTQ6A

9.59 (0.71)

9.52 (0.74)

p=.682

PTQ7A

8.88

(1 .10 )

8.90 (1.45)

p=.948

PTQ8A

9.33 (0.87)

9.31 (0.81)

p=.877

Post-Test
t-tests

Note.
PTQ#=Cognitive Post-Test Questionnaire number (see
Appendix F ) .
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Table 7
Post-Test Questions Sleep
Deprived Group Only (n=29)
Question #

Mean

(SD)

PTQ2

5.34

2.35

PTQ3B

4.93

2.70

PTQ4B

5.69

2.61

PTQ5B

6.72

2.53

PTQ 6 B

5.83

2 .62

PTQ7B

4.38

2.51

PTQ 8 B

5.62

2.51

Note.
PTQ#= Cognitive Post-Test
Questionnaire number (see Appendix F ) .
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Correlations calculated between responses by sleep
deprived subjects on these questions with actual
performance on the cognitive testing revealed two
significant relationships: a correlation between number of
BFCT errors and the overall performance rating (r= -.52,
p<.01; see question 2, Appendix F) and between number of
BFCT errors and the question asking these subjects how the
sleep deprivation affected their performance on the BFCT
(r= -.51, p<.05; see question 5b, Appendix F).

This

indicates that those who rated their overall performance
as less impaired due to the sleep deprivation actually
made fewer errors on the BFCT, and those who rated their
performance as less impaired on the BFCT actually made
fewer errors on this test.
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DISCUSSION
Thirty-four to thirty-six hours of continuous sleep
deprivation did not affect performance on any of the
cognitive tests, including those designed to measure
cognitive abilities other than attention and
concentration.

The hypothesis that 34-36 hours of total

sleep deprivation would produce performance results
consistent with mild frontal lobe dysfunction was not
supported.

This data is discrepant with earlier findings

(Horne, 1988b).
Sleep deprived subjects did not appear to have
impaired attention, concentration or motivation as
evidenced by normal performance on the intelligence and
sustained attention testing.

This data is consistent with

prior reviews of the sleep deprivation literature which
suggest that this amount of time without sleep does not
consistently produce impairment on these types of tasks
(Bonnet, 1994; Dinges and Kribbs, 1991).
Horne (1988b) included 12 subjects in each group in
his two group design (n=24) while the present study
included a total of 61 subjects.

The smaller number of

subjects in his study may have produced less reliable
results than in the present study.

The present study

included more subjects than the other two similar studies
combined (Herscovitch, et al., 1980; Horne 1988b) in which

80
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one produced positive results (Horne, 1988b) and the other
a "trend" of uncertain statistical significance
(Herscovitch, et al., 1980)
Horne (1988b) also included a practice session for
subjects and used a variant of the word fluency test
(letters M, A, B, 0) in which each subject was randomly
assigned only one of the four letters during the practice
session, then was tested with a different letter during
the testing session immediately after the sleep
deprivation period.

In both sessions subjects were given

5 minutes to name as many words as they could, beginning
with this one letter.

It is possible that in the present

study, the word fluency tests were not long enough and
that if they would have been as long as those in the Horne
(1988b) study there would have been a performance
difference.

Subjects might also have shown performance

differences if they had been allowed practice sessions to
accomodate themselves to the procedure.
The total lack of performance differences between
groups on the WCST is the most surprising finding, given
that it is considered to be an excellent test of cognitive
flexibility and of cognitive dysfunction (Benton, 1994;
Wagman & Wagman, 1991).
On both the WCST and the Categories Test there seem
to be a substantial number of normal subjects who perform
rather poorly because they do not discover the correct
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principle (WCST or Categories Test) or never understand
that they are to shift response set (WCST)
personal communication).

(C. Nichols,

Small subject pools might show a

tendency to generate bimodal distributions with a
significant degree of variability.

This possibility was

examined in this study by visual inspection of the score
distributions of both the BFCT and WCST, but this was not
the case for either the control or sleep deprived groups
or all subjects combined.
One possible factor for the lack of performance
differences may have been the age of the subjects.
Subjects in this study averaged 22 years of age.

It is

possible that young people may be more immune to the
effects of sleep deprivation.
&

Although one study (Bonnet

Rosa, 1987a) has actually shown that younger subjects'

performance on tests of attention and vigilance are more
adversely affected by sleep deprivation than the
performance of older subjects.
A related though unlikely possibility given the
results of the Bonnet and Rosa (1987a) study is that
subjects in the present study being undergraduate
students, and having somewhat erratic sleep schedules, may
be accustomed to performing cognitive tasks while at least
partially sleep deprived.

There may be some unknown

relevant practice effect or strategy they use that helps
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them maximize performance when sleep deprived, although
this has not been systematically studied.
Another factor may have been the motivation level of
subjects.

It is well established (Bonnet, 1994; Pervival,

Horne, & Tilley, 1982) that after lower amounts of sleep
deprivation (i.e., less than 48 hours), performance
decrements on attention/concentration testing can be
minimized by motivating subjects to do well.

This may

have been the case in the present study since we utilized
a period of only 34-36 hours of sleep deprivation.
However, Horne's (1988b) hypothesis is that the adverse
effects on frontal lobe functioning even after this short
period of sleep deprivation are strong enough for
motivational effects to not mask or overcome them.

This

was not demonstrated in the present study.
The most probable explanation for the current results
and one consistent with prior reviews of the sleep
deprivation literature (Bonnet, 1994; Dinges & Kribbs,
1991) is that the only consistent effect of sleep loss on
cognitive functioning is a decrease in the ability to
sustain attention due to "accelerated state lability"
(Dinges & Kribbs, 1991, p. 120) i.e., frequent and rapid
oscillations between sleep and wake (microsleeps) produce
attentional lapses which are manifested as impaired
performance on cognitive tests.

It is likely that the

magnitude of performance decrements exhibited by sleep
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deprived subjects is directly related to the amount of
prolonged and sustained attention that a particular
cognitive task requires, regardless of what type of
cognitive ability the task is supposed to measure.
A different approach that has never been used in a
sleep deprivation study, and that might be a more
sensitive test of frontal lobe function than the present
tests were, would be to study the effects of sleepdeprivation on "working memory."

There is a long history

of research with non-human primates which suggests that
frontal cortex is involved in the activity of holding
perceptually absent information "on-line" to guide action
(Goldman-Rakic, 1987).
working memory.

This activity is defined as

Working memory includes attentional

processes as one main component and also directly involves
frontal lobe functioning.
Attentional processes have been conceptualized by at
least one group (Skinner, Molnar & Harper, 1994) as
consisting of generalized arousal due to brainstem
mechanisms and another process which is known as selective
attention.

The latter is mediated by frontal cortex.

Working memory is thought to involve the prefrontal cortex
(Baddeley, 1986), and if sleep deprivation differentially
affects frontal lobe function, subjects should show
impaired performance on tasks designed to measure working
memory.
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Baddeley (1986, p.34) conceptualized working memory
as a system for temporarily maintaining and managing
information needed to perform a variety of cognitive tasks
"such as comprehension, learning, and reasoning."

This

information is maintained by an active attention control
system that he calls the "central executive," which in
turn, is aided by subsystems that help to maintain memory
as a guide for adaptive action.

Dysfunctions of the

central executive lead to behaviors that are stereotypic,
perseverative, or insensitive to the action requirements
of the moment.
One recent study (Park, Holzman, & Lenzenweger, 1995)
showed that college students scoring high on a schizotypy
scale (but not outside of the normal range) performed
worse than low scorers on an oculomotor delayed response
task which the authors hypothesized was a test of spatial
working memory.

WCST performance was also examined and no

performance differences on number of categories achieved
or perseverative errors was found.
Subjects in both groups performed equally well on the
WAIS-R digit symbol subtest and were matched on Scholastic
Aptitude Test (SAT) quantitative and verbal scale scores
(SAT scores for the schizotypy group were actually
slightly higher).

It is possible that this task was

sensitive enough to measure "very mild" frontal lobe
cerebral dysfunction while the WCST was not.

Schizotypy
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has been shown to be related to, and nay possibly be a
milder variant of schizophrenia (Korfine, Lenzenweger,
1995; Meehl, 1990).

In turn, at least some symptoms of

schizophrenia have been associated with a dysfunctional
frontal system, "among other systems" (Goldman-Rakic,
1991; Levin, 1984a, 1984b; Park, et al., 1995; Weinberger,
Berman, & Zee, 1986).
Another recent study (Gold, Berman, Randolph,
Goldberg, & Weinberger, 1996) measuring PET regional
cerebral blood flow, found that a test of delayed response
alternation produced areas of activation in both frontal
and parietal cortex, which was interpreted as supporting
evidence for the involvement of the frontal cortex in
working memory.
Measurements like delayed response tasks, may prove
more sensitive to the effects of one night of sleep
deprivation than tests used in the present study and in
previous research.

Future research should include testing

designed to measure the effect of sleep deprivation on
working memory as compared with effects on more
traditional cognitive measures such as
attention/concentration, reaction time, intelligence,
abstract reasoning, etc., tests that have been used in
prior sleep deprivation research.
Prolonging the sleep deprivation period beyond 34-36
hours regardless of which types of cognitive tests are
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being used may be important as well.

For example, using a

delayed response task along with other measures such as
sustained attention tasks, then comparing performance on
each type of task to determine when if any discrepancy in
performance between the measures emerges, would be one
method.
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APPENDIX A
General Informed Consent
I hereby agree to participate in a research project
designed to study the effects of sleep deprivation on
intellectual functioning.
I understand that I will be
required to complete questionnaires about my sleep
patterns and mood as well as my use of medications and
other substances which are known to influence sleep.
I
also understand that if assigned to a particular group I
may be asked to voluntarily stay awake for one night.
I
also understand that there are no foreseeable adverse
medical effects and that this procedure has been used by
other researchers in the past with no adverse
psychological or medical effects.
I understand that I may
withdraw from the study at any point without penalty.
I
also agree to arrange for a ride back to my place of
residence after the end of the study and that if I cannot
arrange for this that one of the researchers will provide
one for me. When I return home I agree to not drive for
the remainder of the evening and I agree to obtain at
least 8-9 hours of sleep before I attempt to participate
in any activity requiring sustained attention (such as
driving, operating heavy equipment, etc.). If I am unable
to complete the sleep deprivation period I am under no
obligation to continue.
I agree to make arrangements for
someone to drive me home if I elect to discontinue the
study.
Please note: If you are unable to obtain a ride
home there is a bed for you to sleep on until the morning.
I also understand that I will be asked to participate in
some psychological testing after the period of sleep
deprivation.
I understand that my participation is
completely voluntary and that I am able to withdraw from
the study at any time without penalty.
I further
understand that my responses are confidential and that my
name will not be associated in any way with the data from
this study.
I acknowledge that I have been given an
opportunity to ask questions regarding this study and
understand that I will be debriefed and may ask questions
following its completion.

Your Name

Date

Researcher
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APPENDIX B
Sleep Disorders Inventory

SLEEP DISORDERS INVENTORY

William .". Waters, Ph.D.
Department of Psychology
Louisiana State University
ana
Department of Neurology
Ochsner Clinic of Baton Rouge

and

James M. Tucci, H.D.
Department of Neurology
Ochsner Clinic of Baton Rouge

INSTRUCTIONS
*** The Sleep Disorders Inventory is a questionnaire that is designed to obtain
information that will assist in the description and diagnosis of a patient’s sleep
disorder, it also provides information that is helpful in determining the causes and
the correct treatment of a patient's sleep disorder.
*** Please answer these questions to the best of your ability. It 1s understood that some
of your answers will be approximations, not exact. Such estimates are acceptable.
Also, a few of the questions may require Information from a person who has observed
your sleep. If you have access to such information, feel free to use it.
*** If you are asked to give a YES NO answer, and you are not certain of your response,
give tne answer that is closest to the trutn as best you can determine. If you are
asked to give a numerical answer, such as the number of minutes it takes you to fall
asleep, and you are not certain, give an approximate answer that 1s closest to the
truth as best you can determine.
*** Please answer ALL of the questions.
If a YES_ NO item does not apply to you, answer
NO. If you encounter an Item that calls for a numerical response and it does not
apply to you, or you cannot give an estimate, the number 0 will indicate that it does
not apply or that you cannot estimate.
*** Befcre completing the SDI, please provide the following information:
NAME: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DATE: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SOCIAL SECURITY NUMBER: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CLINIC NUMBER: ____________

THE SLEEP DISORDERS INVENTORY BEGINS ON THE NEXT PAGE.
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Page

1

* Please CIRCLE the appropriate response for eacn o f the YES_NO questions.Please FILL
IN
THE El v n k wit.-. *ne coTect number for each auest'or. that is
followed by ablank.
1.

Qc ycu have

difficulty failing asleep at night". . . . . . . . . . . . . . . . . . . . . . . . . . YES_ NO

*«* jf you-- answer is NC, gc to the next item. If ycur answer is YES, go to (a.'.
(a) How nany NIGHTS per WEEK do you usually have jifficjlty?. . . . . . . . . . . . . . . . . . . . . .
lb! On n gn ts wnen you have difficulty failing asleep, hew many MINUTES does it
usually take you to fal' asleep?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
(c; Cn nights when you have tnis problem, hew many HOURS dc you sleep?....... . . . . . .
2.

How many MINUTES does it usually take you to fail asleep on your BEST nights?..._____

3.

Co yen wakeup during the m g n t and have difficulty falling back to sleep. .. .. . YES__ NO
*** If your answe'" is NO, go to the next item. If your answer is YES, go to (a).
..a: About how many NIGHTS does this happen each WEEK?. . . . . . . . . . . . . . . . . . . . . . . . . . . .
(o: On tne average, how many TIMES do you wake up eacn NIGHT?. . . . . . . . . . . . . . . . . . . . .
ic)

many

ho w

minutes

does it take you to fall asleep after awaxemng?........ . . . . . .

(a) On nights when you have this problem, how many HOURS do you sleep?....... . . . . . .
4.

Do you wake up in the morntng before your scheduled wake time, and are unab’e to
retur' to sleep?_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ YES_ NO
*** If your answer is NC, go to the next item. If your answer is YES, go to (a).
(a)

how

many TIMES per WEEK oo you have this problem?. . . . . . . . . . . . . . . . . . . . . . . . . . .

Cb) On nights when you have this problem, how many HOURS do you sleep?....... . . . . . .
5.

Do you wake up during the night frequently, but fall asleep soon afterwards?....YES

NO

«** If your answer is NO, go to the next item. If your answer is YES, go to (a).
(a)

6.

How many TIMES a NIGHT do you wake up?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

id

how

many NIGHTS each WEEK do you have this problem?. . . . . . . . . . . . . . . . . . . . . . . . . .

how

many HOURS do you sleep on your BEST nights?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

7. Does your bed partner disturb your sleep at night?. . . . . . . . . . . . . . . . . . . . . . . . . YES_ NO
*i« if your answer is NO, go to the next item. If your answer 1s YES, go to (a).
(a) Is tnis a reason for your insomnia SOME of the time?. . . . . . . . . . . . . . . . . . . . YES_ NO
(b) Is this tne reason for your insomnia MOST of the time?. . . . . . . . . . . . . . . . . . YES_ NO
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Is /cur sleep disturpea by environmental factors such as traffic, neighbors or
family members?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . YES

NO

*** If your answer is NO, go to the next item. If your answer 1s YES. go to la).
(a) Is this a reason for your Insomnia SORE of the time?. . . . . . . . . . . . . . . . . . . YES__ NO
(b) Is this the reason for your insomnia MOST of the time?.. .. .. .. .. .. .. .. . YES__ NO
9. Is your bedroom dark enough for sleep at night?. . . . . . . . . . . . . . . . . . . . . . . . . . . YES__ NO
•«« If your answer is YES, go to the next item. If your answer is NO, go to (a).
(ai Is this a reason for your insomnia SORE of the time?. . . . . . . . . . . . . . . . . . . YES_ _ NO
lb) Is this tne reason for your insomnia HOST of the time?................. YES__ NO
10. Is your bedroom temperature comfortable enough for sleep at night?. . . . . . . . . . . YES_ NO
*** If your answer is

yes,

go to the next item. If your answer is NO, go to (a).

•a- Is this a reason for your insomnia SOME of the time?. . . . . . . . . . . . . . . . . . .

v e s _ _ NO

(o) Is this the reason for your insomnia MOST of the time?................. YES_ NO
11. How many NIGHTMARES have you nad in the last MONTH?. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
(a)

How many TIMES m the last MONTH have nightmares awakened you?. . . . . . . . . . . . . . . .

(0) How INTENSE are your nightmares (Rate 1,2,3,a, or 5; where i=mild,
3=fnghtemng, 5=terrifying)?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
12. Do you often move vigorously during your sleep, especially while
dreaming,
and sometimes even hurt your partner by accident, or fall out of bed?......... YES_ NO
13. Have you ever awakened frcm a deep sleep sweating, your heart beating fast or
pounding, with a feeling of fear but with no memory of a dream?
_ _ _ _ _ _ _ YES_ NO
**t if you r answer is NO, go to the next item. If your answer 1s YES, go to (a).
la) How many TIMES in the last MONTH has this happened?. . . . . . . . . . . . . . . . . . . . . . . . . .
(b)

How INTENSE was this experience (Rate 1,2,3,a, or 5; where umild,
3xfrightening, 5sterrify1ng)?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

14. How many NIGHTS per MONTH do you:
Snore loudly
Thrash about while asleep (but arenotdreaming)
Gasp or snort while asleep
Stop breathing while asleep
wake up in the night and feel unable to breathe
15. Do you often awaken with headaches?_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ YES_ NO
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16. Co you sleep enough hours but have trouble waking up, feeling unrefreshed?_____ YES_ NO
17. Do you sleep enougn hours but fal1 asleep Involuntarily curing tne day, Dut
only when relatively unstimulated?_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ VES_ NO
ifl. Do you sleep enough hours but fall asleep Involuntarily dur m g the day, ever.
when doing something very important, like dr’ving?. . . . . . . . . . . . . . . . . . . . . . . . . YES_ NO
13. Do you sleep enough hours but still have trouble functioning during the day?___ YES_ NO
20. Do you e v e r wake up because your legs jerk repeatedly while you are asleep?.... YES_ NO
*** Answer only if YES: Row many MIGHTS per HCNT h does tins occur?.......... .....
21. Do ycur legs ever reel restless or odd after you go to Ded at nignt, and it
keeps you awake?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . YES_ NO
Answer only ’f YES: iiow many NIg h TS per

month

does this occur?.......... .....

22. Do you walk in your sleep?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . YES_ NO
*** If your answer is NO, go to the next Item. If your answer is YES. gc to (a:.
(a)

How many TIMES a

month

does this happen?. . . . . . . . . . . . . . . . . . . . . . . . . . . . .....

(b; About how many MINUTES pass by while you are sleepwalking?............ . ......
23. Do

you talk in your •sleep?_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ YES_ NO

24. Do

you grind your teeth in ycur sleep?_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ YES_ NO

25. Do

you suddenly sit up m bed. still asleep, then ii? nnwh_____

25. Do

you ever wet your bed while asleep?_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ YES_ NO

yES_ NO

27. Do you experience extreme weakness in any of your muscles o r even collapse,when
vou are e»cited, nervous. emotional, or laughing?. . . . . . . . . . . . . . . . . . . . . . . . . . YES_ NC
28. Do you often see things that are net there, as you are falling asleep or
wak'ng up?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . YES_ NO
?9- On
50.

you o^ten r«.i paralyzed while falling as lisp or waking up?_ _ _ _ _ _ _ _ _ _ _ _ _ _ rES_ NO

Do you ever work the night shift, for example n p.m.-7 a.m.?_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ YES_ NO
*** Answer only if YES: How many NIGHTS per MONTH?.. . . . . . . . . . . . . . . . . . . . . . .....

31. Ooes lack of sleep often cause you to fall asleep at inappropriate times or in
the wrong place during the day?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . YES_ NO
32. Ooes lack of sleep often cause you to have troublefunctioning during the day?..YES__ NO
33. Co you ever bring work home and do 1t after 8:00 p.m.?..................... YES_ NO
*** Answer only 1f YES: How many NIGHTS per WEEK?. . . . . . . . . . . . . . . . . . . . . . . . .....
34. On weekends or your days off, do you sleep more than an hour later than your
usual wake up time?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . YES_ NO
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35. How many TIMES per NIGHT go you wake up to use the bathroom?. . . . . . . . . . . . . . . . . . . . . .
36. How many NIGHTS per WEE* do you wake up with Indigestion or heartburn?....... .....
37. Do you eat your last meal or a large snack within 3 hours of bedtime?. . . . . . . . . y e s _ NO
33. *re you on a weight loss program?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . YES_ _ NO
39. Do you engage in some kind of regular physical exercise?................... YES_ NO
40. Do you e >e rdse at night, within four hours of bedtime?. . . . . . . . . . . . . . . . . . . . YES_ NO
4 1. How many GLASSES (bottles/cans' of alcoholic drink do you nava 6sch GAY?.

42. How many NIGHTS each

month

do you use alcohol tc aid sleep?................

43. How many CLPS or GLASSES of caffemated beverages do you drink in a DAY?. . . . . . .
44.

how

man> DAYS a WEEK do you drink caffemated beverages after 6 p.m.?........ .

45. How many CIGARETTES a DAY do you smoke?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
46. Oo you take any medications that contain caffeine or stimulants, such as allergy
medications, nasal decongestants, or pain killers?. . . . . . . . . . . . . . . . . . . . . . . . . YES_ NO
*** Answer only if YES: How many MINUTES before trying to sleep do you take 1t?_____
47. Is your sleep problem sometimes worse than other times?_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ YES_ NO
*«* If your answer is NO, go to the next item. If your answer 1s YES, go to (a).
(a.)

Is it worse wner you are uncer stress?_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ YES_ NO

Cb) Is it better when you sleep away from home?_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ YES_ NO
48. was the onset of your sleep problem related to any specificevent?. . . . . . . . . . . . . YES_ NO
**» If your answer is NO, go to the next item. If your answer is YES, go to (a).
:.a) were you under unusual stress at the onset of your sleep problem?. . . . . . . . . YES_ NO
(b)

were you very ill or in pain at the onset of your sleep problem?_ _ _ _ _ _ _ _ _ YES_ NO

49. Is your sleep problem caused or made worse by physical discomfort or pain:
Never; ___ Rarely;

Sometimes;

Often;

Mostor all of the time.

53.

When you try to sleep, ’S It hard for you to turn off your mind?............ YES_ NO

51.

when you have sleep problems, do you:
Ca) Go to bed earlier on some nights to make up lost sleep?.. .. .. .. .. .. .. .. . YES_ NO
(b) Wake

up

later on some mornings to make up lost sleep?. . . . . . . . . . . . . . . . . . . YES_ NO

(c) Got up out of bed and watch television, read, catch uponwork, or eat?

YES__ NO
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Tike naps during nonr.al waking hours?_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ YES_ NO
«*« If your answer is NO, go to the next Item. If your answer is YES, go to (i).

C D How many TIMES per WEEK do you take naps?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
(2)

how

many MINUTES are your naps, on average?. . . . . . . . . . . . . . . . . . . . . . . . . .....

(3) Do you awaker from your naps refreshed?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . YES_ NO
52. Have you 06en unoer more stress than usual recently?. . . . . . . . . . . . . . . . . . . . . . . YES_ NO
53. irs you tns kir.3 ci person who tends to worry a loti

__________

YES_ nO

54. Ooes your sleep problem affect your mood during the day?. . . . . . . . . . . . . . . . . . . . YES_ NO
55. Have you ever teen treated or hospitalized for mental, emotional, drug, or
altchul problems?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . YES_ NO
56. Have you ever had any convulsions or significant head Injury’ ............... YES_ NO
57. How long have you had your sleep problem?

Years

Months

weeks

58. Have you previously received non-drug treatment for sleeoproblems?........... YES_ NO
59. Have you recently taken any prescription or over-the-counter medication for
sleep prcolems?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,,,,,,,,,YES__ NO
*** If your answer is NO, go to the next item. If your answer Is YES, gc to (a).
(a) How many NIGHTS a WEEK do you usually take this medication?............. . . . . . .
(b) How many MONTHS have you been taking sleep medication?. . . . . . . . . . . . . . . . . . .....
60.

Please list which medications you are new taking and the condition for which each is
oeing taken. Include over-the-counter medications.
MEDICATION

CONDITION

MEDICATION

CONDITION

l __________________________________ 5 ________________________________

Please list any medications you have recently stopped taking and the condition for
which each was being taken. Include over-the-counter medications.
MEDICATION

CONDITION

1

MEDICATION

CONDITION

4

***

THANK YOU FOR COMPLETING THIS INVENTORY

***
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APPENDIX C
SCID-NP Questions
Overview
1.
2.
3.
4.
5.

Demographic Data
How old are you?
Are you married?
Any Children?
Where do you live?
Whom do you live with?

6.
7.
8.

Education and Work History
How far did you get in school or how far are you now?
What kind of work do you do?
Are you working now?

9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.

Past Periods of Psychopathology
Have you ever seen professional for emotional or
psychiatric
problems?
Was there ever (another) time when you, or someone
else, thought you should see someone because of the
way you were feeling or acting?
Have you ever been a patient in a psychiatric
hospital?
Thinking back over your whole life, when were you the
most upset?
When were you feeling the best you have ever felt?
Psychopathology During Past Month
Now I would like to ask you about the past month.
How have things been going for you?
Has anything happened that has been especially hard
for you?
What about difficulties at work, school or with your
family?
What about your physical health?
How much have you been drinking (alcohol) in the past
month?
Have you been taking any drugs (in the past month)?
What about marijuana, cocaine, other street drugs?)
Current Social Functioning
How have you been spending your free time?
Whom do you spend time with?

ill
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A.
1.

2.

Mood Syndromes
Current Major Depressive Syndrome
In the last month has there been a period of time
when you were feeling depressed or down most of the
day nearly every day? IF YES: How long did it last?
(As long as two weeks?)
What about being a lot less interested in most things
or unable to enjoy the things you used to enjoy? IF
YES: Was it nearly every day? How long did it last?
Past Major Depressive Syndrome
Have you ever had a period when you were feeling
depressed or down most of the day nearly every day?
IF YES: How long did it last? (As long as two weeks?)
What about a time when you were a lot less interested
in most things or unable to enjoy the things you used
to enjoy? IF YES: Was it nearly every day? How long
did it last?
Have you ever had more than one time like that?
(Which time was the worst?

3.

Current Manic Syndrome
In the last month has there been a period of time
when you were feeling so good or hyper that other
people thought you were not your normal self, or you
were so hyper that you got into trouble? (Did anyone
say that you were manic?)
(Was that more than just
feeling good?) What was that like? How long did it
last?
IF NO: What about a period of time when you were so
irritable that you would shout at people or start
fights or arguments? When was that? How long did it
last?

4.

Past Manic Syndrome
Have you ever had a time when you were feeling so
good or hyper that other people thought that you were
not your normal self, or you were so hyper that you
got into trouble?
(Did anyone say you were manic?)
(Was that more than just feeling good?)
What was
that like? How long did it last? Have you ever had
more than one time like that?
IF NO: What about a period of time when you were so
irritable that you would shout at people or start
fights or arguments? (Did you find yourself yelling
at people you didn't really know? When was that?
What was it like? How long did it last? Have you
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had more than one time like that?
5.

Dysthymia
IF THERE IS NO EVIDENCE OF A MAJOR DEPRESSIVE
SYNDROME IN THE LAST TWO YEARS: For the past couple
of years, have you been bothered by depressed mood
most of the day, more days than not?
(More than half
the time?) IF YES: What was that like?

B . Psychotic Screening
6.

Delusions
Now I am going to ask you about unusual experiences
that people sometimes have.
Did it ever seem that people were talking about you
or taking special notice of you? What about
receiving special messages from the TV, radio, or
newspaper, or from the way things were arranged
around you?
What about anyone going out of the way to give you a
hard time, or trying to hurt you?
Did you ever feel that you were especially important
in some way, or that you had powers to do things that
other people couldn't do?
Did you ever feel that parts of your body had changed
or stopped working?
(What did the doctor say?)
Did you ever feel that you had committed a crime or
done something terrible for which you should be
punished?

7.

Hallucinations
Did you ever hear things that other people couldn't
hear, such as noises, or the voices of people
whispering or talking?
(Were you awake at the time?)
Did you ever have visions or see things that other
people couldn't see?
(Were you awake at the time?)
What about strange sensations in your body or on your
skin?
What about smelling or tasting things that other
people couldn't smell?
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C. Psychoactive Substance Use Disorders
8.

Alcohol Dependence or Abuse
What are your drinking habits like? (How much do you
drink?) Was there ever a period in your life when
you drank to much? (Has alcohol ever caused problems
for you?)
IF YES: What problems did it cause? Has
anyone objected to your drinking?
Non-Alcohol Psychoactive Substance Use Disorders

9.

Now I am going to ask you about your use of drugs or
medicines.
SHOW DRUG LIST TO SUBJECT.
(Drug list is
shown in Appendix F.) Have you ever taken any of
these to get high, to sleep better, to lose weight,
or to change your mood? FOR THOSE DRUGS INDICATED:
IF STREET DRUG: When were you taking (DRUG) the most?
(Has there ever been a time when you took it more
than ten times in a month?)
IF PRESCRIBED: Did you
ever get hooked on (DRUG)? When was the last time
that you took any of these drugs?

D. Anxiety Disorders
10.

Panic Disorder
Have you ever had a panic attack, when you suddenly
felt frightened, anxious or extremely uncomfortable?
IF YES: Tell me about it. What did you experience.
When does it happen? (Have you ever had one that just
seemed to come out of the blue?)
Have you ever had four attacks like that in a four
week period? IF NO: Did you worry a lot about having
another one? When was the last bad one?

11.

12.

Agoraphobia Without History of Panic Disorder
Were you ever afraid of going out of the house alone,
being in crowds, standing in a line, or traveling on
buses or trains? What were you afraid could happen?
Tell me the things you avoided (or could do only by
forcing yourself).
Social Phobia
Is there anything that you were ever afraid to do or
felt uncomfortable doing in front of other people,
like speaking, eating, or writing? Is there anything
else? What were you afraid would happen when you
were ____________ ? IF PUBLIC SPEAKING ONLY: Do you
think that you are more uncomfortable than most
people in that situation?
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13.

Simple Phobia
Are there any other things that you have been
especially afraid of, like flying, heights, seeing
blood, closed places, or certain kinds of animals or
insects? What are you afraid could happen when
IF UNCLEAR WHETHER FEAR WAS CLINICALLY SIGNIFICANT:
_______ interfere with your life?
How much did

14.

Obsessive Compulsive Disorder
Now I would like to ask you if you have ever been
bothered by thought s that didn't make any sense and
kept coming back to you even when you tried not to
have them?
(What were they?)
(What about awful
thoughts, like actually hurting someone even though
you didn't want to, or being contaminated by germs or
dirt?)
When you had these thoughts, did you try to get them
out of your head? (What would you try to do?)
Was there ever anything that you had to do over and
over again and couldn't resist doing like washing
your hands again and again, or checking something
several times to make sure you'd done it right? IF
YES: What did you have to do? (What were you afraid
would happen if you didn't do it?
(How many times
did you have to ___________ ? How much time did you
spend each day________ ?)

15.

Generalized Anxiety Disorder
In the last six months, have you been particularly
nervous or anxious? Do you worry a lot about
terrible things that might happen? IF YES: What do
you worry about? (How realistic is that?)
During the last six months, would you say that you
have been worrying most of the time (more days than
not) ?

16.

Post Traumatic Stress Disorder
Have you experienced any extremely stressful, life
threatening or traumatic event such as serious
physical injury, assault, or seeing someone badly
hurt or killed in the past which still troubles you?
Do you reexperience this event through "flashback"
episodes or nightmares?
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Do you have intrusive thoughts about this event or
experience extreme anxiety in situations which remind
you of this event?.
E. Somatoform Disorders
17.

Over the last several years, what has your physical
health been like? How often have you had to go to a
doctor because you weren't feeling well?
(What for?)
IF YES: Was the doctor always able to find out what
was wrong, or were there times when the doctor said
there was nothing wrong but you were still convinced
that something was wrong?
Do you worry much about your physical health?
your doctor think you worry too much?

Does

F. Eating Disorders
18.

Anorexia Nervosa
Now I would like to ask you some questions about your
eating habits and your weight.
Have you ever had a
time when you weighed less than other people thought
you ought to weigh?
IF YES: Why was that? How much did you weigh? How
old were you then? How tall were you? At that time,
were you afraid that you could become fat?
At your lowest weight, how did you think you looked?
(Did you still feel too fat, or that part of your
body was too fat?)

19.

Bulimia Nervosa
Have you ever had eating binges during which you ate
a lot of food in a short period of time?
IF YES: During these binges, did you feel that your
eating was out of control?

G. Adjustment Disorder
20.

CONSIDER THIS SECTION ONLY IF THERE IS A CURRENT
DISTURBANCE AND IT DOES NOT MEET THE CRITERIA FOR
ANOTHER AXIS I DSM III-R DISORDER. Determine that a
current disturbance is a reaction to an identifiable
psychosocial stressor (or multiple stressors) that
occurs within three months of the onset of the
stressor(s).
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APPENDIX D
Daily Sleep Diary
NAME: ________________________________

DATE:__________________

PLEASE RESPOND TO THE FOLLOWING QUESTIONS.
1. About what time did you first try to fall asleep last night? ______
2. Approximately how many minutes did it take you to fall asleep?_____
3. Please record the approximate times you awoke last night, and below
that, how long it took you to get back to sleep.

______ min

_______ mxn

min

mxn

4. When did you awaken for the day this morning?

min

min

__________

5. How difficult was it for you to fall asleep last night?
1
Not Very
Difficult

2

3

4

5
Extremely
Difficult

6. How rested do you feel this morning?
1
Very Rested

2

3

4

5
Poorly Rested

4

5
Very Poor

7. Rate the quality of last night's sleep.
1
Excellent

2

3

8. What was your level of physical tension when you went to bed last
night?
1
Extremely
Relaxed

2

3

4

5
Extremely
Tense

9. Rate your level of mental activity when you went to bed last night.
1
Very Quiet

2

3

4

5
Very Active
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APPENDIX E
Informed Consent for Sleep Deprivation
I, _____________
, freely and willingly
consent to participate in a research project investigating
the effects of sleep deprivation on cognitive functioning.
As a research subject I will participate in one night of
total sleep deprivation.
I understand that this procedure is non-invasive and that
there are no foreseeable risks associated with it. I
understand that this study may potentially assist in the
further understanding of how sleep deprivation affects
cognitive performance.
I understand that I may choose to decline to participate
in the study at this point and that I may withdraw from
the study at any point without penalty.
I understand that
my privacy will be protected and my name will not be used
in any manner whatsoever in subsequent use or publications
of this study.
I understand that all results from
screening and follow-up cognitive testing will remain
strictly confidential and that I will be assigned a number
which will be used in subsequent data analyses in the
place of my name.
I have read and thoroughly understand this consent form
and all questions that I have had are now answered.
I
acknowledge that I have been given a copy of the consent
form for my own use.

Subj ect's Name

Date

Experimenter

Date
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APPENDIX F
Post-Testing Questionnaire

SSN________

Instructions.
Please answer the following questions by circling the most
appropriate response.
1. On a scale of one to ten, overall, how hard did you try
to do your very best during the testing session?
1

2

3

4

Almost
no effort

5

6

7

8

9

Medium
Effort

10
Extreme
Effort

2. On a scale of one to ten, overall, how well do you
think you performed compared to how well you could have
performed if you had not been sleep deprived?
1

2

3

Performance
Severely Impaired

4

5

6

7

8

9

Performance
Moderately Impaired

10
Performance
Hot Impaired

3. a) On a scale of one to ten, how hard did you try to do
your best on the Word Naming test?
1

2

3

4

Almost
no effort

5

6

7

8

9

Medium
Effort

10
Extreme
Effort

b) On a scale of one to ten, how well do you think you
performed on the Word Naming test compared to how well you
could have performed if you had not been sleep deprived?
1

2

3

Performance
Severely Impaired

4

5

6

7

8

9

Performance
Moderately Impaired

10
Performance
Not Impaired

4. a) On a scale of one to ten how hard did you try to do
your best on the Computer Card Sorting test?
1
Almost
no effort

2

3

4

5

6

Medium
Effort

7

8

9

10
Extreme
Effort
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b) On a scale of one to ten, how well do you think you
performed on the Computer Card Sorting test compared to
how well you could have performed if you had not been
sleep deprived?
1

2

3

4

Performance
Severely Impaired

5

6

7

8

9

Performance
Moderately Impaired

10
Performance
Not Impaired

5. a) On a scale of one to ten how hard did you try to do
your best on the Category test?
1

2

3

4

5

Almost
no effort

6

7

8

9

Medium
Effort

10
Extreme
Effort

b) On a scale of one to ten, how well do you think you
performed on the Category test compared to how well you
could have performed if you had not been sleep deprived?
10
Performance
Severely Impaired

Performance
Moderately Impaired

Performance
Not Impaired

6 . a) On a scale of one to ten how hard did you try to do
your best on the Word Color test?
1

2

3

4

5

Almost
no effort

6

7

8

9

Medium
Effort

10
Extreme
Effort

b) On a scale of one to ten, how well do you think you
performed on the Word Color test compared to how well you
could have performed if you had not been sleep deprived?
1

2

3

4

Performance
Severely Impaired

5

6

7

8

9

Performance
Moderately Impaired

10
Performance
Not Impaired

7. a) On a scale of one to ten how hard did you try to do
your best on the Oral Arithmetic test?
1
Almost
no effort

2

3

4

5

6
Medium
Effort

7

8

9

10
Extreme
Effort
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b) On a scale of one to ten, how well do you think you
performed on the Oral Arithmetic test compared to how well
you could have performed if you had not been sleep
deprived?
1

2

3

4

Performance
Severely Impaired

5

6

7

8

9

Performance
Moderately Impaired

10
Performance
Not Impaired

8 . a) On a scale of one to ten how hard did you try to do
your best on the Word Meaning. Picture Arrangement.
Arithmetic & Block Design test?
1

2

3

4

5

Almost
no effort

6

7

8

9

Medium
Effort

10
Extreme
Effort

b) On a scale of one to ten, how well do you think you
performed on the Word Meaning. Picture Arrangement.
Arithmetic & Block Design test compared to how well you
could have performed if you had not been sleep deprived?
1

2

Performance
Severely Impaired

3

4

5

6

7

8

9

Performance
Moderately Impaired

10
Performance
Not Impaired

Thank you for filling out this questionnaire.
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Please use the following key to help you remember which
tests you should be thinking about when you are filling
out this questionnaire.
1. The Word Naming test refers to the one minute trials in
which you were asked to name as many words that begin with
the letters F, A or S.
2. The Computer Card Sorting test refers to the only
computer task in which you tried to decide which pile each
card should be placed on.
3. The Category test refers to the task in which you
looked at a notebook with cards in it. You were asked to
tell which number the picture reminded you of (numbers
1,2,3 or 4) and were then told each time whether you were
right or wrong.
4. The Word Color test refers to the task in which were
asked to name colors and also read words aloud that were
printed in a different color from the actual word.
5. The Oral Arithmetic Test was the task in which you
listened to a cassette tape of numbers and tried to add
the last number to the next one.
6 . The Word Meaning. Picture Arrangement. Arithmetic and
Block Design test was the longest one in which you were
asked some meanings of some words, asked to arrange cards
so they would tell a story, asked some arithmetic
questions and asked to put blocks together to make some
designs.
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APPENDIX G
Visual Analog Sleepiness scale

Subject Number___________________

Date.

Please draw a vertical mark on the line below to indicate your
overall level of sleepiness during the day today.

Very Sleepy

Not Sleepy at All
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APPENDIX H
Stanford Sleepiness Scale
Place a check next to the statement which indicates how you feel now.
Check one statement only.
1.Wide awake, functioning at high level, head clear.
2. Functioning at high level, but not at peak, able to
concentrate.
3. Relaxed, awake, not at full alertness, responsive.
4. A little foggy, not peak, let down.
5. Fogginess, beginning to lose interest in remaining awake,
slowed down.
6. Sleepiness, prefer to be lying down, fighting sleep,
woozy.
7. Almost in reverie, sleep onset soon, lost struggle to
stay awake.
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____

APPENDIX I
Breakdown of Subjects Screened and
Reasons Individual Subjects Were Ruled Out
Total
Total
Total
Total

Screened
Ruled Out
Run ...................
OK but not r u n .......

148
57
61
30

(57
(17
(29
(10

stales,
males,
males,
males,

91 females)
40 females)
30 females)
22 females)

Reasons individual subjects were ruled out for further

inclusion
subjegtNumber

sex

Reason Ruled. Out

002

F

004

F

005
007

F
F

019

F

023
024
026
028
030
032
033
037

F
F
F
F
F
F
F
F

040

F

047

F

052

M

060

F

063

F

067

F

068
071
073
074

F
F
M
F

probable GAD, recent history of bulimia,
moderate insomnia
currently on anti-depressants, mixed
anxiety/depression
severe insomnia
late wake time, possible hypersomnia (9-11
hours TST), currently taking dexedrine for
ADHD
sleep restricts to 5-6 hours a night, heavy
caffeine user
probable GAD, history of depression
insomnia and EDS
insomnia
insomnia
treated for major depression in last year
currently taking Ritalin for ADHD
probable current major depression
insomnia, has been diagnosed with ADD, not
currently on meds
irregular sleep schedule, late wake time 3
or 4 days a week
legally blind (would interfere with test
administration)
restricts to 5-6 hours TST, 30 min SOL, some
night shifts
currently dysthymic, history of major
depression
dysthymic, currently taking Prozac, current
probable ETOH abuse
mild RLS/PLM, moderate EDS, midnight
awakenings 3 times a week
insomnia, EDS, possible hypersomnia
restricts sleep to 5 hours a night, some EDS
probable RLS or ADHD
sleep restricts to 5-6 hours a night, bad
EDS
125
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078
080

M
F

081

M

085

F

086

F

089

F

094

M

095
098

F
F

099

F

101

F

103
106
109
110

M
F
F
M

111

F

117
119

F
F

121

F

122
123

M
M

124
128

M
M

129
132
133

M
F
F

134

M

135
141

M
F

143
146
147

M
F
F

148

M

insomnia
possible idiopathic hypersomnia, very long
sleeper
severe head injury 3 years ago, was in a
coma for 2 weeks
late bedtime (2 am), naps for 90 min 4 times
a week
late bedtime (1:30 am), SOL is 30-45 min,
sleep restrictor
works late shift (til 2 or 3 am) 20 nights a
month
on MWF, wakes at 5:20 am, goes to ROTC, gets
home and sleeps 3 hours
severe mixed insomnia
EDS probably secondary to major depression,
recent pharmacotherapy for depression
surgery for TMJ 2 years ago, wears retainer,
has muscular dystrophy
very heavy caffeine use, didn't think she
could go w/o for 2 days
bad bruxism every night
has lupus, very low energy levels
current ETOH abuse, naps 5 times a week
mixed depression/anxiety, 9 hours TST, still
has EDS
stressed out, insuffucient sleep 3 times a
week, mild EDS
foreign student with poor English
has seizure disorder, currently takes anti
seizure meds
insufficient sleep due to voluntary sleep
restriction, EDS
bruxism at night
takes Ritalin for ADD,serious head injury 2
years ago
did not complete screening
possible idiopathic hypersomnia, sleeps 1012 hours a night
very irregular sleep schedule, late bedtime
wears retainer at night for bruxism
foreign student, has only been speaking
English for 2-3 years
schizoptypal features, generalized social
phobia
did not complete screening
insufficient sleep due to voluntary sleep
restriction
irregular and late sleep schedule, EDS
wears retainer for bruxism
irregular schedule, wakes at 2 am and
studies for 2 hours
probable insomnia
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